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1. CMOS 4M DYNAMIC RAM 




ORGANIZATION 

RAS 

CAS 

POWER DISSIPATION 






PACKAGE WIDTH 

CAPACITY 

PART NUMBER 

OPERATING 

ACCESS TIME 

ACCESS TIME 

max (raW) 

PIN 

PACKAGE 

(P, J, SJ, FT) 



MODE 

MAX (NS) 

MAX (NS) 

ACTIVE 

STANDBY 

COUNT 

P J SJ Z 

OR HEIGHT (Z) (Inch) 


TC514100J/Z-80 


80 

20 

550 

5.5 








TG514100J/Z-10 


100 

25 

468 








TC51 41 00JL/ZL-80 

4MX1, 

FAST 

80 

20 

550 

2.2 








TC514100JUZL-10 

100 

25 

468 








TC5141 00AP/AJ/ASJ/AZ-6O 

PAGE 

MODE 

60 



5.5 


■ 


■ 




TC51 41 0QAPL/AJL/ASJL/AZL-6O 




1.1 


■ 


■ 




TC51 4t OOAP/AJ/ASJ/AZ70 


70 

20 

550 

5.5 


■ 


■ 




TC51 41 0QAPL/AJL/ASJL/AZL-70 


1.1 


■ 


■ 




TC5141 00AP/AJ/ASJ/AZ-80 




468 

5.5 

18(P) 

■ 


■ 


0.300 (P) 

4M 

TC514100APUAJL/ASJL/AZL-80 


80 


1.1 


■ 


■ 




TC51 41 00AP/AJ/ASJ/AZ-1 0 


100 

25 


5.5 

26/20 (J) 

■ 


■ 


0.350 (J) 


TC51 41 OOAPL/AJL/ASJL/AZL-1 0 



1.1 


■ 


■ 




TC514101J/Z-80 


80 

20 

578 


26/20 (SJ) 





0.300 (SJ) 


TC514101J/Z-10 

4MX1, 

NIBBLE 

MODE 

100 

25 

495 









TC51 41 01 AP/AJ/ASJ/AZ-60 

60 


660 


20 (Z) 

■ 


■ 


0.400 (Z) 


TC5141 01 AP/AJ/ASJ/AZ-70 


70 

20 

550 



■ 


■ 




TC51 4101 AP/AJ/ASJ/AZ-80 


80 


468 



■ 


■ 




TC51 4101 AP/AJ/ASJ/AZ-1 0 


100 

25 

413 

5.5 


■ 


■ 




TC514102J/2-80 


80 

20 

550 








TG5141G2J/Z-10 


100 

25 

468 









TC51 41 02AP/AJ/ASJ/AZ-60 

4MX1, 

STATIC 

60 


660 



■ 


■ 




TC51 41 02AP/AJ/ASJ/AZ-70 

COLUMN 

MODE 

70 

20 

550 



■ 


■ 




TC51 41 02AP/AJ/ASJ/AZ-80 

80 

468 



■ 


■ 




TC51 41 02AP/AJ/ASJ/AZ- 1 0 


100 

25 

413 



■ 


■ 
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ORGANIZATION 

RAS 

CAS 

POWER DISSIPATION 



PACKAGE WIDTH 

CAPACITY 

PART NUMBER 

OPERATING 

ACCESS TIME 

ACCESS TIME 

mas (mW) 

PIN 

PACKAGE 

(P, J, SJ, FT) 



MODE 

MAX (NS) 

MAX (NS) 

ACTIVE 

STANDBY 

COUNT 

P J SJ Z 

OR HEIGHT (Z) (Inch) 


TC51440OJ/Z-8G 


80 

20 

578 

5.5 


m m 



TC51 4400J/Z-1 0 


100 

25 

495 


m n 



TC51 4400JI/ZL-8Q 

1MX4, 

FAST 

80 

20 

578 

2.2 


m m 



TC5 1 440QJ IL/ZL-1 0 

100 

25 

495 


m m 



TCI 440QAP/AJ/ASJ/AZ-60 

PAGE 

MODE 




5.5 


m m m m 



TC51 440QAPL/AJL/ASJL/AZL-60 



20 


1.1 


m m mm 



TC514400AP/AJ/ASJ/AZ-70 


70 

550 

5.5 


m m m m 



TC51 4400AJH7AJUASJL/AZL-70 



1.1 


m a ■ a 



TC51 44<X)AP/AJ/ASJ/AZ-80 


80 



5.5 

20 (P) 

H 8BB 

0.300 (P) 

4M 

TC51 44OOAPUAJUASJL/AZL-80 


20 

468 

1.1 


m m m m 



TC514400AP/AJ/ASJ/AZ-10 


100 

25 

413 

5.5 

26/20 (J) 

m m m m 

0.350 (J) 


TC514400APL/AJUASJUAZL-10 


1.1 


H SB B B 



TC51 4402J/Z-80 


80 

20 

578 


26/20 (SJ) 

m m 

0.300 (SJ) 


TC514402J/Z-10 

4MX1, 

STATIC 

COLUMN 

| 100 

25 

495 



m m 



TG514402AP/AJ/ASJ/AZ-GO 

60 


660 


20 (Z) 

i 1 1 1 

0.400® 


TC51 4402AP/AJ/ASJ/AZ-70 

MODE 

70 

20 

550 



■ B H ■ 



TC51 4402AP/AJ/ASJ/AZ-80 


80 


468 



m m m m 



TC51 4402AP/AJ/ASJ/AZ-1 0 


too 

25 

413 

5.5 


ibm m 



TC514410J/Z-80 


80 

20 

578 


m » 



TC514410J/Z-10 

4MX1, 

WRITE 

100 

25 

485 



m m 



TC51 441 QAP/AJ/ASJ/AZ-60 

60 


660 



m m m m 



TC51 441 C5AP/AJ/ASJ/AZ-70 

PER BIT 
MODE 

70 

20 

550 



m m m m 



TC51 441 OAP/AJ/ASJ/AZ-SO 

80 


468 



BIBB 



TC51 441 OAP/AJ/ASJ/AZ-1 0 


ICC 

25 

413 



B H B B 



P = PLASTIC DIP, J = PLASTIC SCU, SJ « PLASTIC SKINNY SOS, Z = PLASTIC ZIP 
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MODULES 


CAPACITY 

PART NUMBER 

ORGANIZATION 

RAS 

ACCESS TIME 
MAX (ns) 

CAS 

ACCESS TIME 
MAX (ns) 

POWER DISSIPATION 
MAX (mW) 

PIN 

COUNT 

PACKAGE 
S SG L 

MODULE 

HEIGHT 

(in) 

ACTIVE 

STANDBY 

32M BIT 

THM84000S/L-80 
THM84000S/L-1 0 

4Mx8 

80 

20 

4400 

44 

30 

■ ■ 

■ ■ 

■ ■ 

■ ■ 

■ ■ 

■ ■ 

0.95 (S) 
1.035 (L) 

100 

25 

3740 

THM321 000S/SG-80 
THM321 OOOS/SG- 1 0 
THM321 020S/SG-80 
THM321 020S/SG-1 0 

1Mx32 

80 

HHlSHHi 

4620 

44 

72 

1.0 

100 

warn 

3960 

80 

20 

4620 

100 

25 

3960 


THM94000S/L-80 


80 

20 

4950 



■ ■ 

0.95 (S) 

36M BIT 

THM94000S/L-1 0 


100 

25 

4212 



■ ■ 

1.035 (L) 











THM361 020S/SG-80 


80 

20 

6160 


70 

■ ■ 

1 fi 


THM361 020S/SG-1 0 

1 CVIXOO 

100 

25 

5280 


f dL 

■ ■ 

1 .u 

ytftM DJT 

THM401 020SG-80 


80 

20 

5775 

CC 

70 



WM Dl 1 

THM401 020SG-1 0 

1 MX4U 

100 

25 

4950 

DD 

/ 4 

■ 


64M BIT 

THM322020S/SG-80 

2Mx32 

80 

20 

4708 

88 

72 

■ ■ 

1.0 


THM322020S/SG-1 0 


100 

25 

4048 



■ ■ 


72MBIT 

THM362020S/SG-80 

2Mx36 

80 

20 

6292 

132 

72 

■ ■ 

1.169 


THM362020S/SG-1 0 


100 

25 

5412 



■ ■ 



THM402020SG-80 


80 

20 

5885 



■ 


SOM BIT 

THM402020SG-10 

2Mx40 

100 

25 

5060 

110 

72 

■ 

1.0 


NOTE: 

S = SOLDER (TIN/LEAD) PLATED CONTACTS, SOCKET TYPE MODULE 
SG = GOLD PLATED CONTACTS, SOCKET TYPE MODULE 
L = SOLDER PLATED LEADS, THROUGH-HOLE TYPE MODULE 
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TOSHIBA 1ST GENERATION 4M DYNAMIC RAM 


CMOS 


80ns 100ns 



-.Fast Page Mode 

:Fast Page Mode/ 

Low Power Version 

.Nibble Mode 


:Static Column Mode 


:Fast Page Mode 

:Fast Page Mode/ 
Low Power Version 

:Static Column Mode 

.-Fast Page Mode/ 
Write Per Bit 







TOSHIBA 2ND GENERATION 4M DYNAMIC RAM 


CMOS 


60ns 


70ns 


80ns 


100ns 


4MBit 


H 4Mx1 


TC51410QAP/AJ 

/ASJ/AZ-60 


TC51410QAP/AJ 


TC514100AP/AJ 


TC514100AP/AJ 

/ASJ/AZ-70 


/ASJ/AZ-80 


/ASJ/AZ-10 


TC51410QAPUAJL 

/ASJUA2L-60 


TC514100APL/AJL 

/ASJL/AZL-70 


TC514100APL/AJL 

/ASJUAZL-80 


TC51410GAPUAJL 

/ASJUAZL-10 


TC514101AP/AJ 


TC514101AP/AJ 


TC514101AP/AJ 


TC514101AP/AJ 

/ASJ/AZ-60 


/ASJ/AZ-70 


/ASJ/AZ-80 


/ASJ/AZ-10 


TC514102AP/AJ 

/ASJ/AZ-60 


‘ TC514102AP/AJ 


TC51 41 02AP/AJ 


TC51 41 02AP/AJ 

/ASJ/AZ-70 


/ASJ/AZ-80 


/ASJ/AZ-10 


:Fast Page Mode 

:Fast Page Mode/ 
Low Power Version 

:Nibble Mode 

: Static Colum Mode 



:Fast Page Mode 


:Fast Page Mode/ 
Low Power Version 

: Static Column Mode 


.Fast Page Mode/ 
Write Per Bit 








TOSHIBA 1ST GENERATION 4M DRAM MODULES 


80ns 100ns 


































4MX1 


FUNCTION 


FAST PAGE 


TOSHIBA 

TC51 41 OOAP/AJ/ASJ/AZ 

HITACHI 

HM51 41 OOAJ/AS/AZ 

NEC 

MPD4241 00 

MITSUBISHI 

M5M441 OOJ/L 

OKI 

MSM51 41 OORS/JS/ZS 

FUJITSU 

MB814100 

PANASONIC 

MN41 C4000SJ/L 

SAMSUNG 

KM41C4000 

i s 


71 

TMS44100 


MDM14000 

MOTOROLA 

MCM514100 

SIEMENS 

HYB514100 

ViTELIC 

V53C400 


RAM 


NIBBLE 

STATIC COLUMN 

TC51 41 01 AP/AJ/ASJ/AZ 

TC51 41 Q2AP/AJ/ASJ/AZ 

HM51 41 OOAJ/AS/AZ 

HM51 41 02AJ/AS/AZ 

MPD4241 01 

MPD424102 

M5M44101 J/L 

M5M44102J/Z 

MSM51 41 01 RS/JS/ZS 

MSM5 141 02RS/JS/ZS 




MN41 C4000SJ/L 

KM41C4001 

KM41C4002 
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2. 1M X 4 DYNAMIC RAM 


FUNCTION 

FAST PAGE 

STATIC COLUMN 

FAST PAGE 

WRITE PER BIT 

TOSHIBA 

TC51 44O0AP/AJ/ASJ/AZ 

TC51 4402AP/AJ/ASJ/AZ 

TC51 441 OAP/AJ/ASJ/AZ 

HITACHI 

HM51 4400AJ/AS/AZ 

HM51 4402AJ/AS/AZ 

HM51 441 OAJ/AS/AZ 

NEC 

MPD424400 

MPD424402 

MPD424410 

MITSUBISHI 

M5M44400J/L 

M5M44402J/L 

M5M44410J/L 

OKI 

MSM51 4400RS/JS/ZS 

MSM51 4402RS/JS/ZS 


FUJITSU 

MB81440O 



PANASONIC 

MN41 C41 OOOSJ/L 


MN41 C41 002SJ/L 

SAMSUNG 

KM44C1000 



MICRON 

MT4C4001 



TI 

TMS44400 



MOSAIC 

MDM41000 



MOTOROLA 

MCM514400 



SIEMENS 

HYB51 4400 



VITEL1C 

V53C404 




8 






























3. DRAM MODULE 


ORGANIZATION 

4Mx8 

1MX32 

4Mx9 

1Mx36 

1Mx40 

2Mx32 

2Mx36 

2Mx40 

TOSHIBA 

THM84000 

THM321000 



THM401020 



THM402020 

HITACHI 

HB56A48 

HB56D132 

HB56A49 

HB56D136 


HB56D232 

HB56D236 


MITSUBISHI 

MH4M08 


MH4M09 

MH1M36 





OKI 

MSC2341 


MSC2340 

MSC2350 








































4M DRAM PART NUMBER GUIDE 


PREFIX 

1 TC51 1 ,4 1 OP, 


A, ,S J, ,L 


£0j 


SPEED: - 60 = 60 ns 

- 70 = 70 ns 

- 80 = 80 ns 
-10= 100ns 


POWER: L = LOW POWER 
= STANDARD 

PACKAGE: P = 300 MIL DIP 
J = 350 MIL SOJ 
SJ = 300 MIL SOJ 
Z = 400 MIL ZIP 

DIE REVISION 


CONFIGURATION 

4100 = 4Mx1, FAST PAGE MODE 

4101 = 4Mx1, NIBBLE MODE 

4102 = 4Mx1, STATIC COLUMN MODE 
4400 = 1Mx4, FAST PAGE MODE 
4402 = 1Mx4, STATIC COLUMN MODE 
4410 = 1Mx4, WRITE PER BIT MODE 
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4M DRAM MODULES PART NUMBER GUIDE 


THMD00000 0S 

I II 1 f t t f 



EXAMPLE 


60 : 60 ns 

ACCESS TIME: 

80: 80 ns 
10:100 ns 

“PIN TYPE: S : SOCKET TYPE (TIN-LEAD TAB) 
SG : SOCKET TYPE (GOLD TAB) 
L : SIP TYPE 

Z : ZIP TYPE 


1 — INSTALLING DEVICE TYPE: A : A-VERSION DEVICE (INSTALLING 300mil SOJ) 

AW : A-VERSION DEVICE (INSTALLING 350mil SOJ) 

FUNCTION: 0 : STANDARD 

0 : FAST PAGE 

1 : NIBBLE 

2 : STATIC COLUMN 

3 : WRITE PER BIT 

ASSEMBLY METHOD: ODD (INCLUDE "O') : SINGLE SIDE 

ASSEMBLY 

EVEN : DOUBLE SIDE 

ASSEMBLY 


INCASE 
OF DRAM 


WORD: 40 : 4M WORD 
20 : 2M WORD 
10: 1M WORD 
51 : 51 2K WORD 
25 : 256K WORD 


BIT: 40: 40 BIT 

36 : 36 BIT 
32 : 32 BIT 
9 : 9 BIT 


8 : 8 BIT 
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300 MIL WIDTH DIP OUTLINE DRAWING 











Note: Package width and length do not include mold protrustion, allowable mold protrusion is 0.15mm. 
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300 MIL WIDTH SOJ PACKAGE OUTLINE DRAWING 
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400 MIL HEIGHT ZIP OUTLINE DRAWING 



Unit in mm 

3.05MAX 



1 2 20 


Note: Package width and length do not include mold protrusion, allowable mold protrusion is 0.15mm. 
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* This is advanced information and specifications 
4,194,304 WORD x 1 BIT DYNAMIC RAM are subject to change without notice. 

DESCRIPTION 

The TC514100J/Z is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514100J/Z utilizes TOSHIBA’S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514100J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20. pin plastic ZIP. The package size'pror 
vides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power supply 
of 5V±10% tolerance, direct interfacing capability with high performance logic families 
such as Schottky TTL. 


FEATURES 

• 4,194,304 word, by 1 bit organization 

• Fast access time and cycle time 

I TC514100J/Z-80/-10 

^cIraS Access 
fAA Column Add: 

LAA Access Tim^ 
t CAC £a£ Access 
t RC Cycle Time 150ns 180ns 

tp C lcvc S le P flme MOde 1 5tos 1 

• Single power supply of 5V±10% with a 

built-in V BB generator 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ . Pl*astic ZIP 


Plastic SOJ 

®INdl == 26b V 
WRITE [ 2 25] D 

RAS [3 24 ] C. 


Low Power 

550mW Operating (TC514100J/Z-80) 

460mW Operating (TC514100J/Z-10) 

5 . 5m W MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 
Common I/O capability using ’’EARLY WRITE” 
operation 

Read- Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh. Fast 
Page Mode and Test Mode capability 
All inputs and output TTL compatible 
1024 refresh cycles/16ms 
Package Plastic SOJ: TC514100J 
Plastic ZIP: TC514100Z 


26 ] Vss 
25] POU T 
24 ] CAS 
23] N.C. 
22] A9 




.M 

Ji 

:a 

---j 

[§: 

EL' 

EE 

..2 

To* 

3 


EG 

US i 

13] 

lg 

L is 
OS 
[16 

AZi 

r,” 

li 

lIS 

r M 


BLOCK DIAGRAM 

WRITE O 1 


No, 2 CLOCK 
GENERATOR 


PIN NAMES 


COLUMN 
ADDRESS 
BUFFERS (11) 


DATA IN 
BUFFER 


DATA OUT 
BUFFER 


COLUMN 

DECODER 


AO-v A10 

Address Inputs 

RAS 

Row Address Strobe 

d IN 

Data In 

I>0UT 

Data Out 

Ca^ 

Column Address Strobe 

WRITE 

Read /Write Input 

Vcc 

Power (+5V) 


Ground 

No Connection 



No.l CLOCK 
GENERATOR 


SUBSTRATE BIAS 
GENERATOR 


A-1 


























ABSOLUTE MAXIMUM RATINGS 


ITEM 


Input Voltage 


Output Voltage 


Power Supply Voltage 


Operating Temperature 


Storage Temperature 


Soldering Temperature • Time 


Power Dissipation 


Short Circuit Output Current 


SYMBOL 


VlN 


RATING 


-l'V/ 7 



RECOMMENDED DC OPERATING CONDITIONS 



SYMBOL 

PARAMETER 

Vcc 

Supply Voltage 

VXH 

Input High Voltage 

VlL 

Input Low Voltage 


(Ta=0'W0°C) 


MIN. 


.5 



- MAX. 

| UNIT | 

NOTE 

5.5 

m 

2 

6.5 

V 

2 

0.8 

V 

2 



DC ELECTRICAL CHARACTERISTICS (V CC -5V±10%, Ta~0%7Q e C) 


SYMBOL 

PARAMETER 


B1CT 

UNITS 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS”, Address Cycling: t RC= t RC MIN.) 

TC514100J/Z-80 

- 

100 

mA 

3,4,5 

TC514100J/Z-10 

- 

85 

I CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V IH ) 

■ 

2 

mA 

■ 

I CC3 

RAS ONLY REFRESH CURRENT __ 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS^Vjh* tRC =t RC MIN.) 

TC514100J/Z-80 

- 

100 

mA 

3,5 

TC514100 J/Z—10 

- 

85 

I CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=V il , CAS", Address Cycling: tpc*tpc MIN.) 

TC514100 J/Z— 80 

- 

60 

mA 

3,4,5 

TC514100J/Z-10 

- 

50 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vcc-0.2V) 

■ 

B 

mA 

■ 

I CC6 


TC514100 J/Z— 80 

- 

100 

mA 

3 

TO 514 1Q0 J/Z— 10 

- 

m 

^(L) 

INPUT LEAKAGE CURRENT . ‘ ‘ ‘ ; 

Input Leakage Current, any input (OV « VpN » 6.5V, All Other 
Pins Not Under Test=0V) 

-10 

10 

pA 

■ 

I 0(L) 

OUTPUT LEAKAGE CURRENT 

(D out is disabled, OV S V 0UT £ 5 . 5V) 

-10 

10 

PA 

B 

VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (IOUT”-5mA) 

m 

- 

a 

B 

V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT = 4 • 2mA) 

- 

0.4 

B 
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TC514100J/Z— 80 
TC514100J/Z— 10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V C c=5V±10%, Ta«0'W0°C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514100J/Z-80 

TC514100J/Z-10 

UNIT 

NOTES 

MIN. 

MAX. 

■ 

MAX. 

tRC 

Random Read or Write Cycle Time 


- 

180 

- 

ns 


tRMW 

Read-Modify-Write Cycle Time 

in 

- 

210 

- 

ns 


£ PC 

Fast Page Mode Cycle Time 

50 

- 


- 

ns 


*-PRMW 

Fast Page Mode Read-Modify-Write 
Cycle Time 

75 

- 

90 

- 

ns 

■ 

tRAC 

Access Time from RAS 

- 

80 

- 

100 


9 . 14,15 

£ cac 

Access Time from CAS 

- 

20 

■ 

25 

ns 

DE9 

C AA 

Access Time from Column Address 

- 

40 

■ 

50 

ns 

129 

t CPA 

Access Time from CAS Precharge 

- 

45 

- 

55 

ns 

9 

£ clz 

CAS to Output in Low-Z 

0 

- 

0 

- 

ns 

9 

t OFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

ns 

10 

t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

8 

£91 

RAS Precharge Time 

60 

- 

70 

- 

ns 



RAS Pulse Width 

MM 

10,000 



ns 




mm 

200,000 

K31 

200,000 

ns 


t RSH 

RAS Hold Time 

20 

- 

m 

- 

ns 


t CSH 

CAS Hold Time 


- 

100 

- 

ns 


£ rhcp 



CAS Precharge to RAS* 'Hold Time 

mm 

- 

55 

- 

ns 


£ cas 

CAS Pulse Width 


10,000 

25 

10,000 

ns 


t RCD 

RAS to CAS Delay Time 


60 

25 

75 

ns 

14 

t RAD 

RAS to Column Address Delay Time 

15 

40 

20 

50 

ns 

15 

£ crp 

CAS to RAS Precharge Time 

5 

- 

mm 

- 

ns 


£ CP 

CAS Precharge Time 

10 

- 

HI 

- 

ns 


£ asr 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


t RAH 

Row Address Hold Time 

10 

- 

15 

- 

ns 


c ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 




15 

- 


- 

ns 


tAR 

Column Address Hold Time referenced 
to RAS 

m 

- 

75 

- 

ns 

1 

£ RAL 

Column Address to RAS Lead Time 


- 

50 

- 

ns 


IQ39I 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


BS8BI 

Read Command Hold Time 

0 

- 

0 

- 

ns 

11 

t RRH 

Read Command Hold Time referenced 
to RAS 


| 


- 

ns 

11 

£ wch 

Write Command Hold Time 

15 

- 


- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

• 



UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

c WCR 

Write Command Hold Time referenced to 

RAS 

60 

- 

m 

- 

ns 

■ 

twp 

Write Command Pulse Width 

15 

- 

1 

- 

ns 

■ ■ 


Write Command to RAS Lead Time 

20 

- 

• 25 

- 

ns 


*-CWL 

Write Command to CAS Lead Time 

20 

- 

25 

- 

ns 


C DS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

12 

C DH 

Data Hold Time 

15 

- 

— 

- 

ns 


*-DHR 

Data Hold Time referenced to RAS 

60 

- 

mm 

- 

ns 


t REF 

Refresh Period 

- 

16 

• - 

16 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

is 

t CHD 

CAS to WRITE Delay Time 

20 

- 

' 25 

- 

ns 

13 

C RWD 

RAS to WRITE Delay Time 

80 

- 

100 

- 

ns 

a 

C AWD 

Column Address to WRITE Delay Time 

40 

- 

50 

- 

ns 

e m 


CAS Precharge to WRITE Delay Time 
(Fast Page Mode) 

45 

HI 

55 

H 

ns 

13 

|jQj£§jj| 

CAS Set-Up Time (CAS before RAS Cycle) 

5 

- 

5 

- 

ns 



CAS Hold Time (CAS before RAS Cycle) 

15 

- 


. - 

ns 


t RPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

ns 


t CPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

40 

n 

50 

- 

ns 


t vrrs 

Write Command Set-Up Time (Test Mode In) 

10 

- 

10 

- 

ns 


C WTH 

Write Command Hold Time (Test Mode In) 

10 

- 

10 

- 

ns 


C WRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

D 

10 

a 

ns 


C WRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

- 


- 

ns 

■ 
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TC514100J/Z— 80 
TC514100J/Z— 10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(V CC =5V±10%, Ta=0~70°C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC5141QOJ/Z 

-80 

TC514100J/Z 

-10 

... . 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

155 


185 

“ 

ns 


~ 

tpc 

Fast Page Mode Cycle Time 

55 

_ 

65 


ns 


t RAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

9,14,15 

t CAC 

Access Time from CAS 

- 

25 

- 

30 

ns 

9,14 

t AA 

Access Time from Column Address 

- 

45 

•- 

55 

ns 

9,15 

c CPA 

Access Time from CAS Precharge 


50 

- 

60 

ns 

9 

t HAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


t RASP 

RAS Pulse Width (Fast Page Mode) 

85 

200,000 

105 

200,000 

ns 


t RSH 

RAS Hold Time 

25 

! 

30 

- 

ns 


t CSH 

CAS Hold Time 

85 

- 

105 

- 

ns 


t RHCP 

CAS Precharge to PAS Hold Time 

50 

- 

60 

- 

ns 


t CAS 

CAS Pulse Width 

25 

10,000 

30 

10,000 

ns 


tRAL 

Column Address to RAS Lead Time 

45 

- 

55 

- 

ns 



CAPACITANCE (V C C=5V±10Z, f-lMHz, Ta=0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0~A1Q, Dj^) 

- 

5 

pF 

C I2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

pF 


Output Capacitance (Dqut) 

- 

7 

pF 
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•NOTES : 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgs* 

3. IcCl» 1CC3> ICC4» lCC6 depend on cycle rate. 

4. Icci> ^CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. Column address can be changed once or less while RAS-Vjl and CAS=Vj R . 

6. An initial pause of 2Q0ys is required after power-up 'followed by 8 RAS* only 
refresh cycles before proper device operation is achieved. In case of using 
Inter nal refresh counter, a minimum of 8 CAS before RAS refresh cycles instead 
of 8 RAS only refresh cycles are required. 

7. AC measurements assume tp-5ns. 

8. Vjjj ( min. ) and VjL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vp R and 

9. Measured with a load equivalent to 2 TIL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit con- 
dition and is not referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. Th ese par ameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-modify-write. cycles. 

13. tycg, tcwD* t AW anci ^CPWD are not restrictive operating parameters. They 

are included in the data sheet at electrical characteristics only. If t^gjtycs 
(min.), the cycle is an early write cycle and data out pin will remain open cir- 
cuit (high impedance) through the entire cycle; If £ tpyj) (min.), 

tCW* tcwD( min -)» t AVID = fc AWD (min.) and t C pwp » t CVV!D fain.) (Fast Page Mode) , 
the cycle is a read-modify-write cycle and the data out will contain data read 
from the selected cell: If neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that tp^ c (max. ) can be met. 

t RCD ( max • ) is specified as a reference point only: If t RCD is greater than the 
specified t R Qj(max.) limit, then access time is controlled by tcAO 

15. Operation within the t rad ( max.) limit insures that tRAc( max *) can be met. 

t RAD ( max * ) is specified as a reference point only: If tj^ is greater than the 
specified tp^Q (max . ) limit, then access time is controlled by tAA* 
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TIMING WAVEFORMS 
READ CYCLE 
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FAST PAGE MODE READ CYCLE 
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CAS BEFORE RAS REFRESH CYCLE 



NOTE: A0^A10="H" or "L" 


I It II 
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HIDDEN REFRESH CYCLE (READ) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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READ CYCLE IN THE TEST MODE 
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 


l RC 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 
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TEST MODE 

The TC514100J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally 
organized 524,288 words by 8 bits. In "Test Mode”, data are written into 8 secotrs 
in parallel and retrieved the same way. A^qr» ^10C anc * ^0C are not use< i. If, upon 
reading, all bits are equal (all "l"s or "0"s) , the data output pin indicates a "l". 
If any of the bits differed, the data output pin would indicate a "0". Fig. 1 showo 
the block diagram of TC514100J/Z. In "Test Mode", the 4M DRAM can be tested as if 
it wer$ a 512K DRAM. 

"WRITE , CAS Before RAS Refresh Cycle" puts the device into "Test Mode". 

And "CAS Before RAS Refresh Cycel" or "RAS Only Refresh Cycle" puts it back into 
"Normal Mode". In the Test Mode, "WRITE, CAS Before RAS Refresh Cycle" performs 
the refresh operation with the internal refresh address counter. The "Test Mode" 
function reduces test times (1/8 in case of N test pattern).* 


A-23 




TC514100J/Z-80 

TC514100J/Z-10 


BLOCK DIAGRAM IN THE TEST HODE 



Fig. 1 
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4,194,304 WORD x 1 BIT DYNAMIC RAM 
DESCRIPTION 


* This is advanced information and specifications 
are subject to change without notice,, 


The TC514100JL/ZL is the new generation dynamic RAH organized 4,194,304 words by 1 bit. 
The TC514100JL/ZL utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC514100JL/ZL to be packaged in a 
standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely availably automated testing and inser- 
tion equipment. System oriented features include single power supply of 5V 10% tolerance 
direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 4,194,304 word by 1 bit organization 

• Fast access time and cycle time 



t RC Cycle Time 

7 Fast Page Mode 
c PC Cycle Time 

• Single power supply of 5V±1Q% with a 
built-in Vbb generator 


TC514100 JL/ ZL-80/-10 

80ns 

100ns 

40ns 

50ns 

20ns 

25ns 

150ns 

180ns 

50ns 

60ns 


PIN CONNECTION (TOP VIEW) 

Pl astic SOJ Plastic ZIP 
DiNd?" - ftb VSS A9 

e [ 2 25 3 pout 


din ot 
WRITE Q 2 



AO'v A10 

Address Inputs 

A4 

RAS 

Row Address Strobe 

A5 

Din 

Data In 

A6 

A 7 

dout 

Data Out 

A / 

A8 

CAS 

Column Address Strobe 

A9 

WRITE 

Read/Write Input 

A. 1 0 1 

V CC 

Power (+5V) 


V SS 

Ground 


NC 

No Connection 



•/Low Power 

550mW Operating (TC514100JL/ZL-80) 

468mW Operating (TC514100JL/ZL-10) 

2 . 2mW MAX. Standby 

• Output unlatched at cycle end allows 

two-dimensional chip selection 

• Common I/O capability using "EARLY 

WRITE" operation __ 

• Read-Modi fy-Wr it e, CAS before RAS refresh, 

RAS-only refresh, Hidden refresh, Fast 
Page Mode and Test Mode capability 

• All Inputs and outputs TTL compatible 

• 1024 refresh cycles/128ms 

• Package Plastic SOJ: TC514100JL 

Plastic ZIP: TC514100ZL 

BLOCK DIAGRAM 


DATA IN 
BUFFER 



REFRESH 
, CONTROLLER r 

~=e==z 

REFRESH 

COUNTER(IO) 


ROV = 

ADDRESS 
BUFFERS(ll) - 

r- I I ' 

No. 1 CLOCK I 
GENERATOR - 


MEMORY 

ARRAY 


SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 


Input Voltage 


Output Voltage 


Power Supply Voltage 


Operating Temperature 


Storage Temperature 


Soldering Temperature • Time 


Power Dissipation 


Short Circuit Output Current 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 


VlN 


VoUT 


Vcc 


OPR 


TSTG 


T SOLDER 




Iout 


SYMBOL 

PARAMETER 

Vcc 

Supply Voltage 

VlH 

Input High Voltage 

VlL 

Input Low Voltage 



DC ELECTRICAL CHARACTERISTICS (V C c=5V±m, Ta-0-v70°C) 


SYMBOL 

PARAMETER | 



UNITS 


EH 

Operating Current 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tpc*tpc MIN.) 

TC514100JL/ZL-80 

- 

100 

mA 

3,4,5 


- 

85 

ICC2 

Standby Current 

Power Supply Standby Current 
(RAS=CAS=V xh) 

■ 

2 

mA 

■ 

I CC3 

RAS Only Refresh Current 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS-ViH 1 tRC^tRC MIN.) 

TC514100JL/ZL-80 

- 

100 

mA 

3,5 

TC514100JL/ZL-10 

- 

85 

I CC4 

Fast Page Mode Current 

Average Power Supply Current, Fast Page Mode 
(RAS«V IL , CAS, Address Cycling: tpQ^tpQ MIN.) 

TC514100JL/ZL-80 

- 

60 

mA 

3.4,5 

TC 514100 JL/ZL- 10 

- 

50 

I CC5 

Standby Current 

Power Supply Standby Current 
(RAS=CA^=Vcc-0.2V) 

■ 

400 

VA 

■ 

I CC6 

CAS Before RAS Refresh Current 

Average Power Supply Current, CAS Before 

HAS Mode (RAS, CAS Cycling: t RC =t RC MIN.) 

TC514100JL/ZL-80 

- 

100 

mA 

3 

TC514100JL/ZL-10 

- 

85 

I CC7 

Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 
(CAS^CAS Before R£S Cycling or 0.2V, WRITE=VcC~0.2V 

AO ■v 10=V cc -0. 2V or 0.2V, D IN =V CC -0.2V, 0.2V or OPEN: 
t R c=125ps, t R As = t R AS WIN. 'v- lps) 

1 

500 

pA 

3,6 

I I(L) 

Input Leakage Current 

Input Leakage Current, any Input (0V £ Vj^ £ 6.5V, All Other 
Pins Not Under Test«0V) 

-10 

10 

VA 

■ 

I 0(L) 

Output Leakage Current 

(D 0 UT is disabled, 0V £ V 0 UT 2 5.5V) 

-10 

10 

pA 


v OH 

Output Level 

Output "H" Level Voltage (IoUT^-^mA) 

m 

- 

n 

■ 

v OL 

Output Level 

Output "L" Level Voltage (IquT*^ • 2mA) 


0.4 

i 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V C c«5V±10%, Ta«0*70°C) (Notes 7, 8, 9) 


UNIT NOTES 


SYMBOL 

PARAMETER : 

t RC 

Random Read or Write Cycle Time 

C RMW 

Read-Mod if y-Wr it e Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modif y-Write 
Cycle Time 

c RAC 

Access Time from RAS 

c CAC 

Access Time from CAS 

C AA 

Access Time from Column Address 

c CPA 

Access Time from CAS Precharge 

c CLZ 

CAS to Output in Low-Z 

t OFF 

Output Buffer Turn-off Delay 

C T 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

C RAS 

RAS Pulse Width 

t RASP 

RAS Pulse Width (Fast Page Mode) 

C RSH 

RAS Hold Time 

c CSH 

CAS Hold Time 

c RHCP 

CAS Precharge to RAS Hold Time 

t CAS 

CAS Pulse Width 

c RCD 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay Time 

mm 

CAS to RAS Precharge Time 

rt 

O 

CAS Precharge Time 

C ASR 

Row Address Set-Up Time 

C RAH 

Row Address Hold Time 

c ASC 

Column Address Set-Up Time 

t CAH 

Column Address Hold Time 

t AR 

Column Address Hold Time referenced 

to RAS 

tRAL 

Column Address to RAS Lead Time 

t RCS 

Read Command Set-Up Time 

\ETSm 

Read Command Hold Time 

tRRH 

Read Command Hold Time referenced 
to RAS 

t WCH 

Write Command Hold Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514100JL/ 

ZL-80 

TC514100JL/ 

ZL-10 

UNITS 

NOTES 

MIN, 

MAX. 

MIN. 

MAX. 

c WCR 

Write Command Hold Time referenced to 
RAS 

60 

■ 

75 

. 

- 

ns 

■ 

C WP 

W rite Command Pulse Width 

15 

- 

20 

- 

ns 


C RWL 

Write Command to RAS Lead Time 

20 

- 

’25 

- 

ns 


*-CWL 

Write Command to CAS Lead Time 

20 

- 

25 

- 

ns 


t DS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

13 

C DH 

Data Hold Time 

15 

- 

20 

“ 

ns 

13 

C DHR 

Data Hold Time referenced to RAS 

60 

- 

75 

- 

ns 


tREF 

Refresh Period 

- 

128 

- 

128 

ms 


C wcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

14 

c cwd 

CAS to WRITE Delay Time 

20 

- 

25 

- 

ns 

14 

C RWD 

RAS to WRITE Delay Time 

80 

- 

100 

- 

ns 

14 

t AWD 

Column Address to WRITE Delay Time 

40 

- 

50 

- 

ns 

14 

c CPWD 

CAS Precharge to WRITE Delay Time 
(Fast Page Mode) 

45 

■ 

55 

■ 

ns 

14 

c CSR 

CAS Set-Up Time (CAS before RAS Cycle) 

5 

- 

5 

- 

ns 


c CHR 

CAS Hold Time (CAS before RAS Cycle) 

15 

- 

20 

- 

ns 


c RPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

ns 

—1 

t CPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

40 

■ 

50 

- 

ns 

• 

9 

PWTS 

Write Command Set-Up Time (Test Mode In) 

10 

- 

10 

- 

ns 


C WTH 

Write Command Hold Time (Test Mode In) 

10 

- 

10 

- 

ns 


tWRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

■ 

10 

■ 

ns 

■ 

C WRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

. 

10 

■ 

ns 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN TEST MODE 

(V CC =5V±10%, Ta=0~70“C) (Notes 7, 8, 9) 


SYMBOL 

PARAMETER 

.. 

TC514100JL/ 

ZL-80 

TC514100JL/ 

ZL-X0 

UNIT 

NOTES 

MIN. 

MAX. V 


MAX. 

t RC 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


c PC 

Fast Page Mode Cycle Time 

55 

- 

65 

- 

ns 


t RAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

H 

ioak 

t CAC 


n 

25 

- 

30 

ns 

10,15 

t AA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

10,16 

eb 

Access Time from CAS Precharge 

- 

50 

- 

60 

ns 

10 


RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


t EASP 

RAS Pulse Width (Fast Page Mode) 

85 


105 

200,000 

ns 


t RSH 

RAS Hold Time 

25 

- 

30 

. - 

ns 


c CSH 

CAS Hold Time 

85 

- 

105 | 

- 

ns 


c RHCP 

CAS Precharge to RAS Hold Time 

50 

- 

60 

- 

ns 


c CAS 

CAS Pulse Width 

25 

10,000 

30 

10,000 

ns 


t RAL 

Column Address to RAS Lead Time 

45 

- 

55 

- 

ns 



CAPACITANCE (V CC -5V±10J, f=lMHz, Ta=0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (A0~A10, Din) 

- 

5 

pF - 

C I2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

pF 

C 0 

Output Capacitance (Dq UT ) 

- 

7 

pF 
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NOTES: 

1# Stresses greater than those listed under "Absolute Maximum Ratings” may cause per- 
manent damage to the device. 

2. All voltages are referenced to Vgg* 

3 - I cci> I cc3 » i cca > z cc6> I cc7 de P end on c y cle rate - 

4. IcCl* ^CCA depend on output loading. Specified values are obtained with the output 
open. 

5. Column address can be changed once or less while RAS a Vjj, and CAS^Vxh* 

6-. tRAS( max * )*lys is only applied to refresh of battery-back up. t^s(max. )*10ys is 
applied to functional operating. 

7. An initial pause of 200ys is required after power-up followed by 8 RAS only refresh 
cycles before proper device oper atio n is ac hiev ed. In case of using intern al • 
refresh counter, a minimum of 8 CAS before RAS refresh cycles instead of 8 RAS 
only refresh cycles are required. 

8. AC measurements assume tx-5ns. 

9. Vj|j(min.) and V^faax.) are reference levels for measuring timing of input signals. 
Also, transition times are measured between Vjh and Vjl* 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF( raax *) defines the time at which the output achieves the open circuit con- 
dition and is not referenced to output voltage levels: 

12. Either tRCH or tRRH m ^st be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to 
WRITE leading edge in read-modify-wrlte. cycles. 

14. tyc S» tRWD* ^CWD* tAWD and t CPWD are not restrictive operating parameters. They 
are included in the data sheet as electrical characteristics only. If tycS^tWCS 
(min.), the cycle is an early write cycle and data out pin will remain open circuit 
(high impedance) through the entire cycle; If tRWD = tRWD(min. ) , tCWD « tCWD fain • ) 

C AWD * tAWD( min * ) and tCPWD ^ tcpwD (min.) (Fast Page Mode), the cycle is a read-modify- 
write cycle and data out will contain data read from the selected cell: ‘If neither 
of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

15. Operation within the tRQj)(max.) limit insures that t^^(max.) can be met. 
t RCD^ max *) is specified as a reference point only: If t RCD is greater than the 
specified tRCDfaax.) limit, then access time is controlled by t^C* 

16. Operation within the t^j)(max.) limit insures that tj^^(raax.) can be met. 
t RAD^ max *) is specified as a reference point only: If tR^p is greater than the 
specified tR^x)(max.) limit, then access time is controlled by t^A. 
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TIMING WAVEFORMS 
READ CYCLE 


l RC 




TC51 41 00JL/ZL-80 
TC514100JL/ZL— 10 


WRITE CYCLE (EARLY WRITE) 


tRC 


j 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


AO—AIO 

VlL 


READ CYCLE 


WRITE CYCLE 

f V 0H — 

d OUT 

VOL — 


READ-HODIFY-WRITE CYCLE 




























TC514100JL/ZL-80 

TC514100JL/ZL-10 


WRITE, CAg BEFORE RAS REFRESH CYCLE 



NOTE: Dn,, AO'VAIO: "H" or "L" E22 • "H" or "L" 
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TC514100JL/ZL-80 

TC514100JUZL-10 





































TC51 41 00JL/ZL-80 
TC51 41 OOJL/ZL— 1 0 
















TC51 41 OOJL/ZL— 80 
TC51 41 QOJL/ZL— 1 0 


TEST MODE 

The TC31410GJ/Z is the RAH organized 4,194,304 words by 1 bit, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in 
parallel and retrieved the same way. A10R, A10C and AOC are not used. If, upon read- 
ing, all bits are equal (all "l"s or "0"s) , the data output pin indicates a "1". 

If any of the bits differed, the data output pin would indicate a "0". Fig. 1 shows 
the block diagram of TC514100J/Z. In "Test Mode", the 4M DRAM can be tested as if it 
were a 512K DRAM. 

’’WRITE, CAS Before RAS Refresh Cycle" puts the device into "Test Mode". And "CAB 
Before RAS Refresh Cycle" or "RAS Only Refresh Cycle" puts it back into "Normal Mode". 
In the Test Mode, "WRlTfi, CAS Before RAS Refresh Cycle" performs the refresh operation 
with the internal refresh address counter. The "Test Mode" function reduces test times 
(1/8 in case of N test pattern). 
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BLOCK DIAGRAM IN THE TEST MODE 



Fig. 1 
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4,194,304 WORD x 1 BIT DYNAMIC RAM 


This is advanced information and specifica- 
tions are subject to change without notice. 


DESCRIPTION 

The TC514100AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514100AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514 1 00AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 4,194,304 word by Ibit organization 

• Fast access time and cycle time 



TC5 1 4 1 00AP/AJ/ASJ/AZ - 60 

tRAC RAS Access Time 

60ns 

t A A Column Address 
Access Time 

30ns 

tcAC CAS Access Time 

20ns 

tRc Cycle Time 

110ns 

tpc Past Page Mode 

Cycle Time 

45ns 


• Single power supply of 5V±10% 
with a built-in Vuu generator 

PIN NAMES 


^0~A10 Address Inputs 

WRITE 

Read/Write Input 

RAS Row Address Strobe 

Vcc 

Power ( + 5V) 

Di N Data In 

Vss 

Ground 

Dour Data Out 

N.C. 

No Connection 

CAS Column Address Strobe 




Low Power 

660mW MAX. Operating 

(TC514100AP/AJ/ASJ/AZ — 60) 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows two- 
dimensional chip selection 
Common I/O capability using “EARLY 
WRITE” operation __ 

Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/16ms 
Package TC514100AP : DIP18-P-300E 

TC514100AJ : SOJ26-P-350 

TC514100ASJ : SOJ26-P-300A 
TC514100AZ ; ZIP20-P-400A 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 



26 ]V SS A9 J_ J 

24 ]8bc Dour n 

§i& c 


AOt 9 18 IAS 
Alt 10 17 ]A7 
A2[ 1 1 16 ]A6 

A3[ 12 15 )A5 

V cc f 13 14 ]A4 



NO.2 CLOCK 
GENERATOR 


COLUMN 
ADDRESS 
BUFFERS (1 1) 

REFRESH 

CONTROLLER 


DATA OUT 
BUFFER 


SENSE AMP. 
I/O GATING 


REFRESH 
COUNTER (10) 


ROW 
ADDRESS 
BUFFERS (11) 


NO. 1 CLOCK 
GENERATOR 


SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V, N 

- 1-7 

V 


Output Voltage 

VOUT 

- 1-7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Topr 

0-70 

°C 

1 

Storage Temperature 

t stg 

-55-150 

°C 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

°C • sec 

1 

Power Dissipation 

Po 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 



MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

Vih 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,L 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (V C c = 5V±10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

*CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RA?, CAS, Address Cycling: t R c = t RC MIN. ) 

TC514100AP/AJ/ 

ASJ/AZ-60 

- 

120 

mA 

3,4 

5 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5 = CAS s V| H ) 

- 

2 

mA 


*CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RA5 Cycling, CAS = V, H : t RC = t RC MIN. ) 

TC514100AP/AJ/ 

ASJ/AZ-60 

- 

120 

mA 

3,5 

•cC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = Vil, CAS, Address Cycling: t P c = tpc MIN. ) 

TC514100AP/AJ/ 

ASJ/AZ-60 

- 

60 

mA 

3,4 

5 

lees 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V C c - 0.2V) 

- 

1 

mA 


•CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before "RAS 

Mode (RAS, CAS Cycling: t RC = t RC MIN. ) 

TC514100AP/AJ/ 

ASJ/AZ-60 

- 

120 

mA 

3,5 

•kd 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input 
(0V£V| N ^6.5V, All Other Pins Not Under Test = 0V) 

- 10 

10 

pA 


*0(L) 

OUTPUT LEAKAGE CURRENT 

(D 0 ut disabled, 0V^ V 0 ut~ 5.5V) 

- 10 

10 

pA 


VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 

2.4 

- 

V 


V OL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iout = 4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V C c = 5V ± 10%, Ta = 0~~70°c)(Notes 6, 7, 8) 



DA DA !\/l CTCTD 

TC5 1 4 1 00AP/AJ/ASJ/AZ-60 

1 1 MIT 


D YIVU5UL 

rAKAMt 1 tK 

MIN. 

MAX. 

UNI 1 

NO 1 t j 




Random Read or Write Cycle Time 
Read-Modi fy-Write Cycle Time 
Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Wnte Cycle Time 


Access Time from CAS 


Access Time from Column Address 


Access Time from CAS Precharge 
CAS to Output in Low-Z 
Output Buffer Turn-off Delay 
Transition Time (Rise and Fall) 

RAS Precharge Time 

RAS Pulse Width 

RAS Pulse Width (Fast Page Mode) 

RAS Hold Time 

RAS Hold Time From CAS Precharge (Fast Page -Mode) 

CAS Hold Time 

CAS Pulse Width 

RAS to CAS Delay Time 

RAS to Column Address Delay Time 

CAS to RAS Precharge Time 

CAS Precharge Time 

Row Address Set-Up Time 


Row Address Hold Time 



Use 

Column Address Set-Up Time 

0 

- 

ns 


k'AH 

Column Address Hold Time 

15 

- 

ns 


Iral 

Column Address to RAS Lead Time 

30 

- 

ns 


tf<cs 

Read Command Set-Up Time 

0 

- 

ns 


tRCH 

Read Command Hold Time 

0 

- 

ns 

11 

Irrh 

Read Command Hold Time referenced to RAS 

0 

- 

ns 

11 

l W( II 

Write Command Hold Time 

10 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 



PARAMETER 




MIN. 


t W p 

Write Command Pulse Width 

10 

- 

m 



Write Command to RAS Lead Time 

20 

- 

m 



Write Command to CA$ Lead Time 

20 

- 

E9 



Data Set-Up Time 

0 

- 

m 

12 

^DH 

Data Hold Time 

15 

- 

ns 

12 

*REF 

Refresh Period 

- 

16 

ms 


*WCS 

Write Command Set-UP Time 

0 

- 

ns 

DU 

^CWD 

CAS to WRITE Delay Time 

20 

- 


SB 

tRWD 

RAS to WRITE Delay Time 

60 

- 


Hi 

f AWD , 

Column Address to WRITE Delay Time 

30 

- 


mm 

1 

*CPWD 

CAS Precharge to WRITE Delay Time 

40 

- 


mm 

*CSR 

CaS Set-Up Time 
(CAS before RAS Cycle) 

5 

- 


■ 


CAS Hold Time 
(CAS before RAS Cycle) 


- 


■ 


TTAS to CAS Precharge Time 


- 


H 

kPT 

CAS Precharge Time (CAS before RAS Counter Test 

Cycle) 




■ 

twTS 

Write Command Set-Up Time 
(Test Mode In) 

10 

- 


■ 

twTH 

Write Command Hold Time 

(Test Mode In) 

10 

- 



*WRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

- 



*wrh 

WRITE to RAS Hold Time 

(CAS before RAS Cycle) 

10 

- 
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ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN 
THE TEST MODE (V C c = 5V ± 10%, Ta = 0~70°C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC5 1 4 1 00AP/AJ/ASJ/AZ-6Q 

UNIT 

NOTES 

MIN. 

MAX. 


Random Read or Write Cycle Time 

115 

- 

19 


tpc 

Fast Page Mode Cycle Time 

50 

- 

■9 


tRAC 

Access Time from RA? 

- 

65 

ns 

9,14 

15 

tCAC 

Access Time from CAS 

- 

25 

ns 

9,14 

Ua 

Access Time from Column Address 

- 

35 

ns 

9,15 

kPA 

Access Time from CAS Precharge 

- 

45 

ns 

9 

*RAS 

RAS Pulse Width 

65 

10,000 

ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

65 

200,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

ns 


t«HCP 

RAS Hold Time From CAS Precharge (Fast Page Mode) 

i 

45 

- 

ns 


ksn 

CAS Hold Time 

65 

- 

ns 


tCAS 

CAS Pulse Width 

25 

10,000 

ns 


iRAt 

Column Address to RAS Lead Time 

35 

- 

ns 



CAPACITANCE (V cc = 5V + 10%, f = 1 MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 



C,i 

Input Capacitance (A0~A10, Din) 

- 

5 

PF 

C,2 

Input Capacitance (RAS, CAi>, WRITE) 

- 

7 

Co 

Output Capacitance (Dout) 

- 

7 


A-54 















TC51 41 OOAP/A J /AS J /AZ-60 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss. 

3. Icci> 1CC3> 1CC4» Icce depend on cycle rate. 

4. IcCli ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS = Vjl and C'AS= Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT = 5ns. 

8. Vih (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vjl. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCM or tRRii must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twcs» lRWD» tCWl), tAWD and tcpWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs™ twcs (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD — iRWl) (min.), tcWD= tc\VD (min.), tAWD — tAWD (min.) and tcPWD^ tcPWD (min.) (Fast Page 
Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If Ircd is greater than the specified tRci)(max.) 
. limit, then access time is controlled by tCAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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FAST PAGE MODE READ CYCLE 
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HIDDEN REFRESH CYCLE (READ' 
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CM BEFORE RAg REFRESH COUNTER TEST CYCLE 




"H" or "L" 
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TEST MODE 

The TC514100AP/AJ/ASJ/AZ is the RAM organized 4,194,304 words by 1 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. Aiqr, Aiqc and Aoc are not used. If, upon reading, all bits equal (all “l”s or 
“0”s), the data output pin indicates a “1”. If any of the bits differed, the data output pin would indicate 
a “0”. Fig.l shows the block diagram of TC514100AP/AJ/ASJ/AZ. In “Test Mode”, the 4M DRAM can be 
tested as if it were a 512K DRAM. 

“WRITE, UAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “UAH Before RAH 
Refresh Cycle” or “RAH Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, 
“WRITE, CAS Before RAS Refresh Cycle” performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/8 in case of N test pattern). 
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NOTES 




4,194,304 WORD X 1 BIT DYNAMIC RAM * This is advanced information and specifica- 
tions are subject to change without notice. 


DESCRIPTION 

The TC5141Q0APL/A.JL/ASJL/AZL is the new generation dynamic RAM organized 4,194,304 words by 
1 bit. The TC514100APL/AJL/ASJL/AZL utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC514100APL/AJL/ASJL/AZL to be packaged in a 
standard 18 pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package 
size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 4,194,304 word by Ibit organization 

• Fast access time and cycle time 



TC514100APL/AJL/ASJL/AZL- 60 

t«AC RA5 Access Time 

60ns 

tAA Column Address 
Access Time 

30ns 

tcAC CAS Access Time 

20ns 

tRc Cycle Time 

110ns 

tpc Fast Page Mode 

Cycle Time 

45ns 


• Single power supply of 5V ± 10% 
with a built-in Vge generator 

PIN NAMES 


h0~A10 


raS 


Din 


Dqut 


OS 


Address Inputs 


Row Address Strobe 


Data In 


Data Out 


Column Address Strobe 


WRITE 


V CC 


V S5 


N.C. 


Read/Write Input 


Power ( + 5V) 


Ground 


No Connection 


• Low Power 

660mW MAX. Operating 

(TC514100 APL/AJL/ASJL/AZL - 60) 
l.lmW MAX. Standby 

• Outputs unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capability using “EARLY 
WRITE” operation 

• Read-Modify-Write, CAS before HAS refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/128ms 

• Package TC514100APL : DIP18-P-300E 

TC514100AJL : SOJ26-P-350 
TC514100ASJL: SOJ26-P-300A 
TC514400AZL : ZIP20-P-400A 

BLOCK DIAGRAM 


PIN CONNECTION (TOP VIEW) 


DinC 1 
WffiTft 2 
M5[: 
A10[ > 
AOt 
A1 

A2d 

A3q 

Vcc 


18]' 

1731 


16 

15 

141 


If 

1 


111 

101 


IVss 

DquT 

ihcxs 

pA9 

A8 

!A7 

pA6 

AS 


|A4 


*S$I 

1 

2 

3 

26 

25 

24 

]v$s 

Bar 

N.C.t 

4 

23 

N.C 

A101 

5 

22 

JA9 

A0C 

9 

18 

]A8 

AlC 

10 

17 

jA7 

A2L 

11 

16 

PA6 

A3C 

12 

15 

]A5 

Vccq 

13 

14 

3A4 


WfiTE 

£53 




N0.2 CLOCK 
GENERATOR 


A9 

V] 


£55 

A0 O— 

,y Dour 

>1] 

Y" 

A1 O— 

Din 

Ra5 



v$s 

A2 O— 

5.J 

yj 

K. 

WRITE 

A3 0~ 

N.C. 

£] 

[s~ 

A10 

A4 O— 


[10 

N.C. 

A5 O— 

A0 

jj] 

[iY 

A1 

A6 0 — 

A2 


[iV 

A3 

A7 O— 

Vcc 


[iV 

A4 

A8 O— 

AS 

j}j 

[18 

A6 

A9 O— 

A7 

j 31 

[ 20 " 

A8 

A10 O— 


COLUMN 
ADDRESS 
BUFFERS (11) 


REFRESH 

CONTROLLER 


a 


REFRESH 
COUNTER (9) 


Z 


ROW 
ADDRESS 
BUFFERS 


tS(11) r" 

-J 


NO.1 CLOCK 
GENERATOR 


DATA IN 
BUFFER 


DATA OUT 
BUFFER 


j*-0 Dout 


COLUMN 

DECODER 


SENSE AMP. 
I/O GATING 


oc 

18 

J 

MEMORY 

1024 

ARRAY 

oc U 

1 

O 

r 





SUBSTRATE BIAS 
GENERATOR 


> V CC 
l**-0 Vjs 


I 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V|N 

- 1-7 

V 

mm 

Output Voltage 

Vout 

- 1-7 

V 

mm 

Power Supply Voltage 

v cc 

-1-7 

V 

.. 1 

Operating Temperature 

Tqpr 

0-70 

X 

mm 

Storage Temperature 

Tstg 

-55-150 

X 

warn 

Soldering Temperature -Time 


260-10 

X • sec 

mm 

Power Dissipation 

Po 

700 

mW 

i 

Short Circuit Output Current 

lOUT 

50 

mA 

i 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 



MAX. 

UNIT 

NOTES 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

mm 

V, H 

Input High Voltage 

2.4 

- 

6.5 

V 

mm 

VlL 

Input Low Voltage 

- 1.0 

- 

0.8 

V 
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DC ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RA5, <!a 5, Address Cycling: t RC = t RC MIN. ) 

TC5 1 4 1 OOAPL/A JL/AS A/AZl-60 

- 

120 

mA 

3,4 

5 

•CC2 

STANDBY CURRENT 

Power Supply Standby Current 

(rM = £a5 = v, h ) 

* 

2 

mA 


•CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RA§ Only Mode 
(RA$ Cycling, CAS = V )H : t R c = t R c MIN. ) 

TC5 1 4 1 00APL/AJL/ASJL/AZL-60 

- 

120 

mA 

3,5 

>CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V|i_, (IAS, Address Cycling: tpc = t P c MIN. ) 

TC514 1 ; jAPL/AJL/A$JL/AZL-60 


60 

mA 

3,4 

5 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V CC - 0.2V) 

- 

200 

pA 


>CC6 

£AS BEFORE RA? REFRESH CURRENT 

Average Power Supply Current, CaS Before RAS 
Mode (RAS, CAS Cycling: t RC = t RC MIN. ) 

TC514100APL/AJL/ASJL/AZL-60 

- 

120 

mA 

3,5 

! CC7 

Battery Back Up Current 

Average power Supply Current, Battery Back Up Mode 
(£a 5 = CAS Before RA$ Cycling or 0.2V, WRITE = V cc - 0.2V 

A0-10 = V C c “0.2V or 0.2V, D, N = V CC -0.2V, 0.2V or OPEN: 1 

t RC = 125ps, t R As = 300ns ~ 1 ps) 

- 

i 

I 

400 

pA 

3,6 

*CC7 

Battery Back Up Current 

Average power Supply Current, Battery Back Up Mode j 

(£A$‘=CAS Before RA? Cycling or 0.2V, WRITE = Vcc - 0.2V 

A0~10= V CC -0.2V or 0.2V, D, N = V CC -0.2V, 0.2V or OPEN: 
t R c = 1 25ps, t RA s = t R AS MIN ~300ns) 

- 

300 

pA 

3,6 

•kd 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0 V£V in £ 6.5V, All Other Pins Not Under Test=0V) 

- 10 

10 

i 

pA 


'O(L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OVSVqut^S.SV) 

- 10 

10 

pA 


VqH 

OUTPUT LEVEL | 

Output "H" Level Voltage (Iout = -5mA) 

2.4 

- 

V 


Voi 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

- 

0.4 

V . 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V±10%, Ta = 0~70°c)(Notes7, 8, 9) 


SYMBOL 

PARAMETER 

TC5 1 4 1 0OAPL/AJ L/ASJ L/AZL-60 



MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

no 

- 

a 


tRMW 

Read-Modify-Write Cycle Time 

135 

- 

m 


tpc 

Fast Page Mode Cycle Time 

45 

- 

m 


tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

70 

- 

ns 


tRAC 

Access Time from RAS 

- 

60 



tCAC 

Access Time from CAS 

- 

20 

ns 

10,15 

Ua 

Access Time from Column Address 

- 

30 

m 

10, 16 

tCPA 

Access Time from CAS Precharge 

- 

40 

ns 

10 

tCLZ 

CAS to Output in Low-Z 

0 

- 

IB 

10 

k>FF 

Output Buffer Turn-off Delay 

0 

20 

m 

11 

t T 

Transition Time (Rise and Fall) 

3 

50 

m 

9 

*RP 

RAS Precharge Time 

40 

- 

m 


*RAS 

RAS Pulse Width 

60 

10,000 

m 


tRASP 

RAS Pulse Width (Fast Page Mode) 

60 

200,000 

m 


kSH 

RAS Hold Time 

20 

- 

ns 


tRHCP 

RAS Hold Time From CAS Precharge 
(Fast Page Mode) 

t 40 

- 



kSH 

CAS Hold Time 

60 


m 

mm 

*CA$ 

CAS Pulse Width 

20 


IB 


*RCD 

RAS to CAS Delay Time 

20 

40 

■a 

H 

tRAD 

RAS to Column Address Delay Time 

15 

30 

ns 

16 

kRP 

CAS to RAS Precharge Time 

5 


ns 


kp 

CAS Precharge Time 

10 

- 

ns 


USR 

Row Address Set-Up Time 

0 


ns 


tRAH 

Row Address Hold Time 

10 

- 

IB 


Use 

Column Address Set-Up Time 

0 

- 

IB 


tCAH 

Column Address Hold Time 

15 

- 

IB 


tRAL 

Column Address to RAS Lead Time 

30 

- 

19 


kes 

Read Command Set-Up Time 

0 

- 

IB 


kCH 

Read Command Hold Time 

0 

- 

IB 

12 

Urh 

Read Command Hold Time referenced 
to RAS 

0 

- 

ns 

12 

t-WCH 

Write Command Hold Time 

10 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC5 1 4 1 00 APL/AJ IVASJ UAZL-60 

UNITS 

NOTES 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

10 

- 

ns 


*RWL 

Write Command to RAS Lead Time 

20 

- 

ns 


^CWL 

Write Command to CA$ Lead Time 

20 

- 

ns 


*DS 

Data Set-Up Time 

0 

- 

ns 

13 

*DH 

Data Hold Time 

15 

- 

ns 

13 

tREF 

Refresh Perio 

- 

128 

ms 


twcs 

Write Command Set-UP Time 

0 

- 

ns 

14 

kwo 

CA5 to WRITE Delay Time 

20 

- 

ns 

14 

^RWD 

RAS to WRITE Delay Time 

60 


ns 

14 

t A WO 

Column Address to WRITE Delay Time 

30 

- 

ns 

14 

tCPWD 

CAS Precharge to WRITE Delay Time 

40 

- 

ns 

14 

*CSR 

£a 5 Set-Up Time 
(CAS before RAS Cycle) 

5 

- 

ns 


*CHR 

CAS Hold Time 
(CAS before RAS Cycle) 

15 

- 

ns 


*RPC 

RAS to <£a$ Precharge Time 

0 

- 

ns 


kPT 

CAS Precharge Time 

(CAS before Ra$ Counter Test Cycle) 

30 

- 

ns 


*WTS 

Write Command Set-Up Time 
(Test Mode In) 

10 

- 

ns 


tWTH 

Write Command Hold Time 

(Test Mode In) 

10 

- 

ns 


twRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

- 

ns 


*WRH 

WRITE to RAS Hold Time 

(CAS before RAS Cycle) 

10 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN 
THE TEST MODE (V C c = 5V ± 10%, Ta = 0~70°C) (Notes 7, 8, 9) 


SYMBOL 

PARAMETER 






tRC 

Random Read Write Cycle Time 

115 

- 

m 


tpc 

Fast Page Mode Cycle Time 

50 

- 

ns 


tRAC 

Access Time from RAS 

- 

65 

ns 

10, 15 

16 

*CAC 

Access Time from CAS 

- 

25 

E9 

10,15 

*AA 

Access Time from Column Address 

- 

35 

ns 

10, 16 

tCPA 

Access Time from CAS Precharge 

- 

45 

m 

10 

tRAS 

RAS Pulse Width 

65 

10,000 

KB 


tRASP 

RAS Pulse Width (Fast Page Mode) 

65 

200,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

KB 


kSH 

CA5 Hold Time 

65 

- 

KB 


tRHCP 

CAS Prechrge to RAS Hold Time 

45 

- 

KB 

mm 

tCAS 

CA$ Pulse Width 

25 

10,000 

KB 

■B! 

tRAL 

Column Address to RAS Lead Time 

35 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%. f = 1MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C n 

Input Capacitance (A0- A 10, Din) 

- 

5 

PF 

C(2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

Co 

Output Capacitance (Dqut) 

- 

7 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. ICC1> ICC3» ICC4, ICC6,ICC7 depend on cycle rate. 

4. Icci» ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RA5=Vil and CAS=Vih. 

3. tRAS (max.) = lps is only applied to refresh of battery-back up. tRAS (max.) = lOps is applied to 

functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume tT = 5ns. 

9. Vih (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

12. Either tRCH or tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in read-write cycles. 

14. twCS> tR\VD> tCWD, tAWD and tcFWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcS— twCS (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD— tRWD (min.), tcwD^ tcwi) (min.), tAWD ^ tAWD (min.) and tcPWD^ tcPWD (min.) (Fast Page 
Mode), the cycle is a read-write cycle and the data out will contain data read from the selected 
cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD(max.) 
limit, then access time is controlled by tcAC- 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 
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TEST MODE 

The TC5 14100 APL/AJL/ASJL/AZL is the RAM organized 4,194,304 words by 1 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. Aior, and Aoc are not used. If, upon reading, all bits equal (all “l”s or “0”s), 
the data output pin indicates a “1”. If any of the bits differed, the data output pin would indicate a “0”. 
Fig.l shows the block diagram of TC5 14 100 APL/AJL/ASJL/AZL. In “Test Mode”, the 4M DRAM can be 
tested as if it were a512K DRAM. 

“WRITE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, 
“WRITE, CAS Before RAS Refresh Cycle” Performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/8 in case of N test pattern). 
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NOTES 



4,194,304 WORD x 1 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514100AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514100AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514100AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 4,194,304 word by lbit organization 

• Fast access time and cycle time 



TC5 1 4 1 00AP/A J/AS J/AZ - 70/80/10 | 

tRAC R AS Access Time 

70ns 

80ns 

100ns 






20ns 

20ns 


tRc Cycle Time 

130ns 

150ns 

180ns 

tpc Fast Page Mode 

Cycle Time 





• Single power supply of 5V±10% 
with a built-in Vbb generator 

PIN NAMES 


> 

0 

1 

> 

o 

Address Inputs 

WRITE 

Read/Write Input 

RAS 

Row Address Strobe 

Vcc 

Power ( + 5V) 

Din 

Data In 

V S S 

Ground 

d out 

Data Out 

N.C 

No Connection 

CAS 

Column Address Strobe 




• Low Power 

550mW MAX. Operating 

(TC514100AP/AJ/ASJ/AZ — 70) 
468mW MAX. Operating 

(TC514100AP/AJ/ASJ/AZ - 80) 
413mW MAX. Operating 

(TC514100AP/AJ/ASJ/AZ - 10) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capability using “EARLY 

WRITE” operation _____ 

• Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/16ms 

• Package TC514100AP : DIP18-P-300E 

TC514100AJ : SOJ26-P-350 

TC5 14100 AS J : SOJ26-P-300A 
TC514100AZ : ZIP20-P-400A 


PIN CONNECTION (TOP VIEW) 



CS5 

v$s 

WRITE 

A10 

N.C. 

At 

A3 

A4 

A6 

A8 


BLOCK DIAGRAM 

WRITE 
W5 


A0 
A 1 0>- 
A2 &+■ 
A3 O*- 
A4 C>*~ 
A5 CH- 
A6 O*- 
A7 O-*- 
A8 O-*- 
A9 0 *~ 
A10 CM- 




NO. 2 CLOCK 
GENERATOR 


COLUMN 
ADDRESS 
BUFFERS (11) 


REFRESH 

CONTROLLER 

ZZZEZZ 


E 


ROW 
ADDRESS 
BUFFERS (11) 

=ZEZI 


NO. I CLOCK 
GENERATOR 


U 


REFRESH 
COUNTER (10) 


a 




DATA IN 
BUFFER 


DATA OUT 
BUFFER 


COLUMN 

DECODER 


SENSE AMP. 
I/O GATING 


Din 


-o Dqut 


MEMORY 

ARRAY 




SUBSTRATE BIAS 
GENERATOR 


* V CC 
' v $s 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V, N 

- 1-7 

V 

1 | 

Output Voltage 

VOUT 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Topr 

0-70 

°C 

1 

Storage Temperature 

Tstg 

-55-150 

°C 

1 

Soldering Temperature • Time 

t solder 

260-10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

*OUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

Vih 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V.l 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (V C c = 5V±10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

-MIN. 

MAX. 

UNITS 

NOTES 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t R c = t R c MIN. ) 

TC5 1 4 1 00AP/AJ/AS J/AZ-70 

- 

100 

mA 

3,4 

5 

TC5 1 4 1 00 AP/AJ/ASJ/AZ-80 

_■ 

85 

TC5 1 4 1 00 AP/AJ/ASJ/AZ-1 0 

- 

75 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V, H ) 


2 

mA 

■ 

ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CaS = V, h : t R c = t RC MIN. ) 

TC5 1 4 100AP/AJ/AS J/AZ-70 

- 

100 

mA 

3,5 

TC5 1 4 1 00 AP/AJ/ASJ/AZ-80 

- 

85 

TC514100AP/AJ/ASJ/AZ-10 

- 

75 

•CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = Vil, CAS, Address Cycling: tpc = tpc MIN. ) 

TC5 14 100AP/AJ/ASJ/AZ-70 

_ 

60 

mA 

3,4 

5 

TC5 1 4 1 00 AP/AJ/ASJ/AZ-80 


50 

TC5 1 4 1 0OAP/AJ/ASJ/AZ-1 0 

- 

45 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V cc - 0.2V) 


1 

mA 

■ 

•CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RaS 
Mode (RAS, CAS Cycling: t R c-t R c MIN. ) 

TC5 1 4 1 00 AP/AJ/AS J/AZ-70 

- 

100 

m A 

■ 

TC5 1 4 1 00 AP/AJ/ASJ/AZ-80 

- 

85 

TC5 1 4 1 0OAP/AJ/ASJ/AZ- 1 0 

- 

75 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^Vim^ 6.5V, All Other Pins Not Under Te$t = 0V) 

- 10 

10 

pA 

■ 

•o (L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OVS V 0UT ^ 5.5V) 

- 10 

D 


■ 

VqH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 

D 

■ 


■ 

< 

O 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

- 

0.4 

V 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V cc = 5V + 10%, Ta = 0~70°c)(Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

*RC 

Random Read or Write Cycle Time 

*RMW 

Read-Modify-Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

tRAC 

Access Time from RAS 

kAC 

Access Time from CAS 

*AA 

Access Time from Column Address 



TC514100AP/ 

AJ/ASJ/AZ-70 

TC514100AP/ * ' 
AJ/ASJ/AZ-80 

TC514100AP/ 

AJ/ASJ/AZ-10 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


Access Time from CAS Precharge 


kiz 

CaS to Output in Low-Z 

tOFF 

Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 
RAS Precharge Time 


*RAS 

RAS Pulse Width 

70 

tRASP 

RA? Pulse Width (Fast Page Mode) 


tRSH 

RAS Hold Time 

20 


RAS Hold Time From i 
(Fast Page Mode) 


CAS Hold Time 


j (TA? Pulse Width 


kco 

RAS to CA5> Delay Time 



1 

20 

60 

*RAD 

WAS to Column Address Delay Time 

15 

35 

15 

40 


CA$ to RAS Precharge Time 
CAS Precharge Time 


l ASR 

Row Address Set-Up Time 

0 

tR A H 

Row Address Hold Time 

10 


Column Address Set-Up Tim 


Column Address Hold Time 
Column Address to RA5 Lead Time 


Read Command Set-Up Time 


kCH 

Read Command Hold Time 

0 

Irrh 

Read Command Hold Time referenced 
to RAS 

0 

twCH 

Write Command Hold Time 

15 
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ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 



PARAMETER 

TC514100AP/ 

AJ/ASJ/AZ-70 

TC514100AP/ '' 
AJ/ASJ/AZ-80 

TC514100AP/ 

AJ/ASJ/AZ-10 

UNITS 



MAX. 


MAX. 



twp 

Write Command Pulse Width 

15 

- 

15 

- 


- 

Eg 


*RWl 

Write Command to WAS Lead Time 

20 

- 


- 


- 

m 


kWL 

Write Command to CAS Lead Time 

20 

- 


- 

25 

- 

m 


ks 

Data Set-Up Time 

0 

- 

BD: 

- 

0 

- 

El 

12 

k>H 

Data Hold Time 

15 

- 


- 

20 

- 

El 

12 

tREF 

Refresh Period 

- 

16 

- 

16 

- 

16 

m 


twcs 

Write Command Set-UP Time 

0 


0 

- 

wm 

- 

m 

13 

kwD 

CAS to WRITE Delay Time 

20 


20 

- 

wm 

- 

El 

13 

kwD 

RAS to WRITE Delay Time 

70 

- 

80 

- 

100 


ns 


UWD 

Column Address to WRITE Delay Time 

35 

- 

40 

- 


- 

E9 

13 

kPWD 

CAS Precharge to WRITE Delay Time 

40 

- 


- 

55 

- 

B9 

13 

kSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

5 

- 

5 

- 

■ 


ns 


kHR 

CAS Hold Time 
(CAS before RAS Cycle) 

15 

- 

15 

- 

20 

- 

ns 


tRPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

0 

- 



tCPT 

CAS Precharge Time 

(CAS before WAS Counter Test Cycle) 

40 

- 

40 

- 

50 


ns 


I— 


10 

- 

10 

- 

10 

- 

ns 




10 

n 

10 

- 

10 


ns 


kVRP 

WRITE to RA5 Precharge Time 
(CAS before WAS Cycle) 

10 


10 

pn 


- 

ns 


twRH 


10 

- 


- 


| 


■ 
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ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN 
THE TEST MODE (V C c = 5V ± 10%, Ta = 0~70°C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514100AP/ 

AJ/ASJ/A2-70 

TC514100AP/ ' 
AJ/ASJ/AZ-80 

TC514100AP/ 

AJ/ASJ/AZ-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 



MAX. 

tRC 

Random Read Write Cycle Time 

135 

gjjlM 


- 


- 

ns 


tRMW 

Read-Modify-Write Cycle Time 

160 

- 

180 

- 

215 

** 



tpc 

Fast Page Mode Cycle Time 

50 

- 

55 

- 

65 


■9 


tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

75 


80 


95 

- 

ns 

13 

tRAC 

Access Time from RAS 

- 

75 


85 


105 



l CAC 

Access Time from CAf 

- 

25 

- 

25 

- 

30 

ns 

9, 14 

^AA 

Access Time from Column Address 

- 

40 

- 

45 

- 

55 

ns 

9, 15 

kPA 

Access Time from CAS Precharge 

- 

45 

- 

50 

- 

60 

■9 

9 

*RAS 

RAS Pulse Width 

' 75 

10,000 

85 

10,000 


10,000 

E9 


tRASP 

RAS Pulse Width (Fast Page Mode) 

75 

200,000 

85 

200,000 

105 

200,000 

ns 


k$H 

RA5 Hold Time 

25 



- 

30 

- 

ns 


kSH 

CAS Hold Time 


- 

85 

- 


~ 

ns 


tRHCP 

CAS Prechrge to RA? Hold Time 

45 

- 

50 

1 


- 

ns 



US Pulse Width 





30 


E9 


tRAL 

Column Address to RAS Lead Time 

40 

- 


- 


- 

ns 


tcwo 

CAS to WRITE Delay Time 

25 

- 


- 



ns 

13 

tRWD 

RAS to WRITE Delay Time 


KM 




- 

E9 



Column Address to WRITE Delay Time 


I 

45 

- 

» 

- 

E9 

13 

tCPWD 

CAS Precharge to WRITE Delay Time 

45 

- 

50 

- 


| 

E9 

13 


CAPACITANCE (V CC = 5V+ 10%, f= 1MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 



Cm 

Input Capacitance (A0— A10, Dim) 

- 

5 


C| 2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

Co 

Output Capacitance (Dqut) 

- 

7 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss* 

3. IcCl. ICC3> ICC4. ICC6 depend on cycle rate. 

4- IcCl. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS = Vil and CAS = Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 IlAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume ti’ = 5ns. 

8. Vni (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil- 

9. Measured with a load equivalent to 2 TTT loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twcSi 1 rwd» tcwD, tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twCS— twCS (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD= tRWD (min.), tcwD^ tcwD (min.), tAWD— tAWD (min.) and tcpwD^ tcpWD (min.) (Fast Page 
Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If Ircd is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 
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TIMING WAVEFORMS 
READ CYCLE 
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READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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CA5 before ra5 refresh cycle 
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GM BEFORE HAg REFRESH COUNTER TEST CYCLE 




: "H' or “L* 
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TEST MODE 

The TC514100AP/AJ/ASJ/AZ is the RAM organized 4,194,304 words by 1 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. Aior, Aioc and Aoc are not used. If, upon reading, all bits equal (all “l”s or 
“0”s), the data output pin indicates a “1”. If any of the bits differed, the data output pin would indicate 
a“0”. Fig.l shows the block diagram of TC514100AP/AJ/ASJ/AZ. In “Test Mode”, the 4M DRAM can be 
tested as if it were a 512K DRAM. 

“WRITE, CAS Before RA S Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, 
“WRITE, CAS Before RAS Refresh Cycle” performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/8 in case of N test pattern). 
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NOTES 



4,194,304 WORD x 1 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514100APL/AJL/ASJL/AZL is the new generation dynamic RAM organized 4,194,304 words by 
1 bit. The TC5 14100 APL/AJL/ASJL/AZL utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC514100APL/AJL/ASJL/AZL to be packaged in a 
standard 18 pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20' pin plastic ZIP. The package 
size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5 V ± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 4,194,304 word by lbit organization • 

• Fast access time and cycle time 



TC51410QAPL/AJL/ASJL/AZL- 

70/80/10 

tRAC Access Time 

70ns 

80ns 

100ns 

tAA Column Address 
Access Time 

35ns 

40ns 

50ns 

tcAC CA$ Access Time 

20ns 

20ns 

25ns 

tRc Cycle Time 

130ns 

150ns 

180ns 

tpc Fast Page Mode 

Cycle Time 

45ns 

50ns 

60ns 


• Single power supply of 5V ± 10% 

with a built-in Vbb generator • 

PIN NAMES 


^0~A10 

Address Inputs 

WRITE 

Read/Write Input 

RAS 

Row Address Strobe 

Vcc 

Power ( + 5V) 

Din 

Data In 

Vss 

Ground 

Dout 

Data Out 

N.C 

No Connection 

Za5 

Column Address Strobe 




Low Power 

550mW MAX. Operating 

(TC514100APL/AJL/ASJL/AZL-70) 
468mW MAX. Operating 

(TC5 14 100 APL/AJL/ASJL/AZL — 80) 
413mW MAX. Operating 

(TC514100APL/AJL/ASJL/AZL- 10) 
1.1 mW MAX. Standby 

Outputs unlatched* at cycle end allows two- 
dimensional chip selection 
Common I/O capability using “EARLY 
WRITE” operation 

Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/128ms 
Package TC514100APL : DEP18-P-300E 
TC514100AJL : SOJ26-P-350 
TC514100ASJL: SOJ26-P-300A 
TC514400AZL : ZEP20-P-400A 


PIN CONNECTION (TOP VIEW) 


o,*C 

WRITE! 

rest 

AioC 

A0( 


A2u 
A3 4 
Vcc 


18]' 

1731 


16 

15], 

14], 

13], 

12p, 

1 


10pA4 


Vjj 

USsr 

|A9 
|A8 
IA7 
IA6 
id AS 



uz 

Vs$ 

WRTTE 

A10 

N.C. 

At 

A3 

A4 

A6 


BLOCK DIAGRAM 

WRITE 





SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V, N 

- 1—7 

V 

1 

Output Voltage 

Vout 

- 1—7 

V 

1 

Power Supply Voltage 

Vcc 

-i ~ 7 . 

V 

1 

Operating Temperature 

Topr 

0—70 

•c 

1 

Storage Temperature 

t stg 

-55-150 

•c 

1 

Soldering Temperature -Time 

Tsoloer 

260*10 

*C • sec 

1 

Power Dissipation 

Po 

700 

mW 

1 

Short Circuit Output Current 

■out 

50 

mA 

1 


RECOMMENDED PC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

MStM 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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nr. FI FCTRICAL CHARACTERISTICS {V cc . 5V t 10%, Ta.0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 


OPERATING CURRENT 

TCS 14100APL/AJI/ASJL/AZL-70 


100 


H 


Average Power Supply Operating Current 

TC5141 00 APl/AJL/ASJL/AZL-80 

- 

85 

mA 


(RaS, CAS, Address Cycling: tRc = tRc MIN- ) 

TC5 1 4 1 OOAPL/AJL/ASJL/AZL-1 0 

- 

75 


M 

'CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RaS *s CAS = V|h) 

■ 

■ 

mA 

■ 


MS ONLY REFRESH CURRENT 

TC5 1 4 1 0OAPL/AJL/ASJL/AZL-70 


100 



ICC3 

Average Power Supply Current, RAS Only Mode 

TCS 1 4 1 OOAPL/AJL/ASJL/AZL-80 

- 

85 

mA 

mi 


(RAS Cycling, CA5 = Vih: tRc = tRc MIN. ) 

TCS1 41 OOAPL/AJL/ASJL/AZL-1 0 

- 

75 


m 


FAST PAGE MODE CURRENT 

TCS 1 4 1 0OAPL/AJL/ASJL/AZL-70 

_ 

70 


3,4 

•CC4 

Average Power Supply Current, Fast Page Mode 

TC5 1 4 1 0OAPL/AJL/ASJL/AZL-80 

_ 

60 

mA 


(RAS = V| L , CaS, Address Cycling: tpc = tpc MIN. ) 

TC5 1 4 1 00 APL/AJL/AS JL/AZL- 1 0 

- 

55 


5 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
(MS=CaS=V CC -0.2V) 

■ 

200 

pA 

■ 


CA? BEFORE MS REFRESH CURRENT 

TCS 1 4100APL/AJL/ASJL/AZL-70 

- 

100 


■I 

! CC6 

Average Power Supply Current, CAS Before RAS 

TCS 1 41 OOAPL/AJL/ASJL/AZL-80 

- 

85 

mA 

B 


Mode (MS, CAS Cycling: t RC *tR C MIN. ) 

TCS 1 4 1 00APL/AJL/AS JL/AZL- 1 0 

- 

75 


■1 

ICC7 

Battery Back Up Current 

Average power Supply Current, Battery Back Up Mode 
(CaS=CaS Before MS Cycling or 0.2V, WRlTE = V C c- 0.2V 

AO- 10* V CC -0.2V or 0.2V, D 1N * V C c - 0.2V, 0.2V or OPEN: 
t R c = 1 25ps, tR A s = 300ns - 1 ps) 

i 

400 

pA 

3,6 

ICC7 

Battery Back Up Current 

Average power Supply Current, Battery Back Up Mode 
(CAS a CAS Before MS Cycling or 0.2V, WRITE • Vcc “ 0.2V 

A0- 10 = V C c- 0.2V or 0.2V, D (N «V C c-0.2V, 0.2V or OPEN: 
tRc= 125ps, tRAS 3 tRAS MIN.— 300ns) 

i 

300 

pA 

3,6 

•kl) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V 3 Vin £ 6.5V, All Other Pins Not Under Test* 

0V) 

-10 

10 

pA 

■ 

*0(L) 

OUTPUT LEAKAGE CURRENT 
(D 0 ut is disabled, 0VS Vqut^ 5.5V) 

-10 

10 

pA 

■ 

V 0 H 

OUTPUT LEVEL 

Output "H" Level Voltage (Iq UT » -5mA) 

D 

■ 

D 


VOL 

OUTPUT LEVEL 

Output "L“ Level Voltage (Iout* 4.2mA) 

■ 

D 

D 

1 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V cc = 5V ± 10%, Ta = 0~70°c)(Note$ 7, 8, 9) 
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ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC514100APL/ 

AJL/ASJL/AZL-70 

TC514100APL/ 

AJUASJL/AZL-80 

TC514100APL/ 
AJL/ASJ L/AZL- 10 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 

15 

- V 

20 

- 

m 


tRWL 

Write Command to RAS Lead Time 


- 

20 

- 

25 

- 

kb 


kwi 

Write Command to (AS Lead Time 


- 


- 

25 

- 

m 


tos 

Data Set-Up Time 

0 

- ■ 


- 

0 

- 

m 

13 

tQH 

Data Hold Time 

15 

- 

15 

- 

20 

- 


13 

tREF 

Refresh Period 

- 

128 

- 

128 

- 

128 



*WCS 

Write Command Set-UP Time 

0 

- 

0 

- 

0 

- 

KB 

14 

kWD 

(AS to WRITE Delay Time 

20 

- 

20 

- 

25 

- 

m 

14 

tRWD 

RAS to WRITE Delay Time 

70 

- 

80 

- 

100 

- 

KB 

14 

tAWD 

Column Address to WRITE Delay Time 

35 

- 

40 

- 

50 

- 

m 

14 

tCPWD 

(AS Precharge to WRITE Delay Time 

40 

- 

45 

- . 

55 

- 

kb 

14 

kSR 

CaS Set-Up Time 
((AS before RaS Cycle) 

5 

- 

5 

- 

5 

- 

ns 


*CHR 

(AS Hold Time 
(ZaS before RaS Cycle) 

15 

- 

15 

- 

20 

- 

ns 


tRPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

0 

- 

■a 


tCPT 

CAS Precharge Time 

((AS before RAS Counter Test Cycle) 


— 1 

40 


50 


ns 


twTS 

Write Command Set-Up Time 
(Test Mode In) 

10 

n 

vo 

- 

10 

B 

ns 


tWTH 

Write Command Hold Time 

(Test Mode In) 

10 

- 

.10 


10 

- 

ns 


*WRP 

WRITE to RAS Precharge Time 
((AS before RAS Cycle) 

10 

B 

10 


10 

- 

ns 


twRH 

WRITE to RAS Hold Time 
((AS before RAS Cycle) 

10 


10 

- 

10 

- 

ns 
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ELECTRICAL CHARACTG ERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN 
THE TEST MODE (V C c = 5V + 10%, Ta = 0~70°C) (Notes 7, 8, 9) 


SYMBOL 

PARAMETER 

TC514100APL/ 

AJ L/AS J L/AZL-70 

TC514100APL/ 

AJ L/AS J L/AZL-80 

TC514100APL/ 

AJL/ASJL/AZL-10 


■ 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read Write Cycle Time 

135 

- 

155 


185 

- 



tRMW 

Read-Modify-Write Cycle Time 

165 

- 

180 

- 

215 

- 

kb 


t PC 

Fast Page Mode Cycle Time 

50 

- 

55 

- 

65 

- 

m 


tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

75 

- 

80 

- 

95 


ns 

14 

*RAC 

Access Time from RAS 

- 

75 

- 

85 

- 

105 

ns 

10,15 

16 

t CAC 

Access Time from CAS 

- 

25 

- 

25 

- 

30 

m 

10,15 

*AA 

Access Time from Column Address 

- 

40 

- 

45 

- 

55 

KB 

10,16 

tCPA 

Access Time from CA$ Precharge 

- 

45 

- 

50 

- 

60 

m 

10 

tRAS 

RaS Pulse Width 

75 

10,000 

85 

10,000 

105 

10,000 

K9 


tRASP 

RaS Pulse Width (Fast Page Mode) 

75 

200,000 



105 

200,000 

m 


tR$H 

RAS Hold Time 

25 

- 

25 

- 

30 

- 

KB 


tCSH 

CaS Hold Time 

75 

- 

85 

- 

105 

- 

KB 


tRHCP 

Ca? Prechrge to RAS Hold Time 

40 

- 

50 

- 

60 

- 

KB 


tCAS 

CaS Pulse Width 

25 

10,000 

25 

10,000 

30 

10,000 

KB 


tRAL 

Column Address to RaS Lead Time 

40 

- 

45 

- 

55 

- 

KB 


tcWD 

CAS to WRfTf Delay Time 

25 

- 

25 

- 

30 

- 

KB 

wm 

tRWO 

RAS to WRITE Delay Time 

75 

- 

85 

- 

105 

- 

KB 

14 

tAWO 

Column Address to WRITE Delay Time 

40 

- 

45 

- 

55 

- 

KB 

14 

111*9 

CaS Prechrge to WRITE Delay Time 

45 

- 

50 

. - 

60 


KB 

14 


CAPACITANCE (V cc = 5V ± 10%, f = 1 MHz, Ta = 0~70' , C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C M 

Input Capacitance (A0~A 10, Din) 

- 

5 

PF 

C|2 

Input Capacitance (RaS, CAS, WRITE) 

- 

7 

Co 

Output Capacitance (Dqut) 

- 

7 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. IcCl. ICC3» ICC4. ICC6,ICC7 depend on cycle rate. 

4. Icci, ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS = Vil and CAS = Vih. 

6. tRAS (max.) = lps is only applied to refresh of battery-back up. tRAS (max.) = 10ps is applied to 
functional operating. 

7. An initial pause of 2Q0ps is required after power-up followed by 8 RA$ only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RaS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume tT = 5ns. 

9. Vih (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vn,. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

12. Either tRCH or tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in read-write cycles. 

14. twcs. tRWDi tcwD, tAWD and tQPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs^ twcs (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD™ tRWD (min.), tcwD^ tCWD (min.), tAWD — tAWD (min.) and tcpwD^ tcpwD (min.) (Fast Page 
Mode), the cycle is a read-write cycle and the data out will contain data read from the selected 
cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified Ircd (max.) 
limit, then access time is controlled by tcAC- 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 
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TIMING WAVEFORMS 
READ CYCLE 
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FAST PAGE MODE READ CYCLE 
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HAg only refresh cycle 



Dqut 


Voh — 

Vql — 


OPEN 


"H" or a" 


Note: WEin s A10=“H” or "L” 
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UaE BEFORE MS REFRESH COUNTER TEST CYCLE 
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TEST MODE 

The TC514100APL/AJL/ASJL/AZL is the RAM organized 4,194,304 words by 1 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode", data are written into 8 sectors in parallel and 
retrieved the same way. Aior, and Aoc are not used. If, upon reading, all bits equal (all “l"s or“0”s), 
the data output pin indicates a “1”. If any of the bits differed, the data output pin would indicate a “0”. 
Fig.l shows the block diagram of TC514100APL/AJL/ASJL/AZL. In ‘Test Mode", the 4M DRAM can be 
tested as if it were a 512K DRAM. 

“WRITE, CAS Before RAS Refresh Cycle" puts the device into ‘Test Mode”. And “CAS Before tt AS 
Refresh Cycle" or “RAS Only Refresh Cycle" puts it back into “Normal Mode”. In the Test Mode, 
“WRITE, CAS Before RAS Refresh Cycle" Performs the refresh operation with the internal refresh 
address counter. The ‘Test Mode" function reduces test times (1/8 in case of N test pattern). 
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4,194,304 WORD X 1 BIT DYNAMIC RATI * This is advanced information and specifications 

are subject to change without notice. 

DESCRIPTION 

The TC514101J/Z is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514101J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514101J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro- 
vides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power sup- 
ply of 5V±10% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 


FEATURES 

• 4,194,304 word by 1 bit organization 

• Fast access time and cycle time 



• Single power supply of 5V±10% with a 
built-in Vgg generator 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic ZIP 


Low power 

578mW Operating (TC514101J/Z-80) 
495mW Operating (TC514101J/Z-10) 
5.5raW MAX. Standby 

• Output unlatched at cylce end allows 

two-dimensional chip selection 

• Common I/O capability using "EARLY 

WRITE" operation _____ 

• Read-Mod if y -Write , CAS before RAS re- 

fresh, RAS-only refresh. Hidden 
refresh, Nibble Mode and Test Mode 
capability 

• All inputs and output TTL compatible 

• 1024 refresh cycles/16ms 

• Package Plastic SOJ: TC514101J 

Plastic ZIP: TC514101Z 
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BLOCK DIAGRAM 

WRITE 


PIN NAMES 

AO ^ A10 Address Inputs 

RAS~ Row Address Strobe 

Din Data In __ 

POUT Data Out 

CAS Column Address Strobe 

WRITE Read/Write Input 

VCC Power (+5V) 

VSS Ground 

N.C. No Connection 



SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 



ITEM 

SYMBOL 

RATING 

Input Voltage 

VIN 

-l'~7 

Output Voltage 

v 0UT 

-1 *7 

Power Supply Voltage 

Vcc 

-1*7 

Operating Temperature 

Topr 

0 'u 70 

Storage Temperature 

TstG 

-55 ^ 150 

Soldering Temperature • Time 

TsOLDER 

260 • 10 

Power Dissipation 

Pd 

600 

Short Circuit Output Current 

Iout 

50 




RECOMMENDED DC OPERATING CONDITIONS (Ta«0% 70°C) 


MIN* 


.5 


SYMBOL 

PARAMETER 

V CC 

Supply Voltage 

VlH 

Input High Voltage 

VlL 

Input Low Voltage 



DC ELECTRICAL CHARACTERISTICS (V CC «5V±10%, Ta-0~70°C) 



TC514101J/2-80 


TC51 4101 J/2— 10 


PARAMETER 


OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CSS*, Address Cyclings tRC“tRC MIN.) 


STANDBY CURRENT 

Power Supply Standby Current 

(H§*OT«V IH ) 


RAS ONLY REFRESH CURRENT __ 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, 6 A§*VxhI tRC^RC 


NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS=V il , CAS, Address Cycling; t^c^tNC MIN*)|tC514101J/2S-10 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS«V CC -0*2V) 






T 

CAS BEFORE ESS REFRESH CURRENT __ 

Average Power Supply Current , CAS Before RAS 

TC5 14101 J/Z— 80 

- 

105 



*CC6 

Mode (RAS, CAS Cycling; t R £=t R c MIN.) 

TC5 14101 J/Z—l 0 

- 

90 

mA 

3 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0V<Vj^<6., 
Other Pins not under Tes t*=0V) 

5V, All 

-10 

10 

PA 

■ 


OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, QV < VqUT « 5 *5 V ) 


OUTPUT LEVEL 

Output "H" Level Voltage (IoUT^-SmA) 


OUTPUT LEVEL 

Output "L" Level Voltage (IoUT = ^ * 2mA) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V C cr 5V±;L0% » Ta-0*70°C) (Notes 6, 7, 8) 


TC514101J/Z TC514101J/Z 

PARAMETER -80 -10 


tRC Random Read or Write Cycle Time 


t RMW Read-Mod if y-Wr it e Cycle Time 


c NC Nibble Mode Cycle Time 


t NRMW Nibble Mode Read-Mod if y-Wr it e Cycle Time 


t RAC Access Time from RAS 


t CAC Access Time from CAS 


t aa Access Time from Column Address 


Nibble Mode Access Time 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


t-RSH RAS Hold Time 


t CSH CAS Hold Time 

_t CAS CAS Pulse Width 


t RCD R^S to CAS Delay Time 


fc RAD RAS to Column Address Delay Time 


t CRP CAS to RAS Precharge Time 


tCP CAS Precharge Time 


C ASR Row Address Set-Up Time 


t RAH Row Address Hold Time 


t ASC Column Address Set-Up Time 


c CAH Column Address Hold Time 


C AR Column Address Hold Time referenced to RAS 


t RAL Column Address to RA§ Lead Time 


t RCS Read Command Set-Up Time 


t RCH Read Command Hold Time 


t RRH Read Command Hold Time referenced to RAS 


c WCH Write Command Hold Time 


^CR JWrite Command Hold Time referenced to RAS | 60 


15 


jWrite Command Pulse Width 


IWrite Command to RAS Lead Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514101J/Z 

-80 

TC514101J/Z 

-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

*-CWL 

Write Command to CAS Lead Time 

20 

- 

25 

- • 

ns 


t DS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

12 

C DH 

Data Hold Time 

15 

- 

20 

- 

ns 

12 

EEB 

Data Hold Time referenced to RAS 

60 

- 

75 

- 

ns 



Refresh Period 

- 

16 

- 

16 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

13 

C CWD 

CAS to WRITE Delay Time 

20 

- 

25 

- 

ns 

13 

t RWD 

RAS to WRITE Delay Time 

80 

- 

100 

- 

ns 

13 

Ml 

Column Address to WRITE Delay Time 

40 

- 


- 

ns 

13 

£ CSR 

CAS Set-Up Time (CAS before RAS Cycle) 

5 

- 

5 

| 

ns 


C CHR 

CAS Hold Time (CAS before RAS Cycle) 

15 

man 

20 

mi 

ns 


c RPC 

RAS" to CAS Precharge Time 

0 

man 

0 


ns 


t CPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

40 

H 

50 

B 

ns 

B 

c NCAS 

Nibble Mode Pulse Width 

20 

- 

25 

- 

ns 


£ ncp 

Nibble Mode CAS Precharge Time 

10 

- 

10 

- 

ns 


C NRSH 

Nibble Mode RAS Hold Time 

20 

- 

25 

- 

ns 


£ ncwd 

Nibble Mode CAS to WRITE Delay Time 

20 


25 

- 

ns 


t NRWL 

Nibble Mode WRITE Command to RAS Lead 

Time 

20 

D 

25 

B 

ns 


c NCWL 

Nibble Mode WRITE Command to CAS Lead 

Time 

20 

B 

25 

B 

ns 

B 

t WTS 

Write Command Set-Up Time (Test Mode In) 

10 

- 

10 

- 

ns 


C WTH 

Write Command Hold Time (Test Mode In) 

10 

- 

10 


ns 


£ wrp 

WRITE to RAS Precharge Time 
(CA5 before RAS Cycle) 

10 

- 

10 

B 

ns 

B 

C WRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

B 

10 

B 

ns 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(V CC -5V±10%, Ta-O'v 70°C) (Note 6, 7, 8) 


SYMBOL 

parameter 

TC51410LX/Z 

-80 

TC514101J/Z 

-10 

UNIT 

NOTES 

MIN. 

(23m 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

155 


185 

- 

mm 


tRAC 

Access Time from RAS 

- 

mm 

- 


ns 

9.14.15 

t CAC 

Access Time from CAS 

- 

mm 

- 

30 

ns 

9,14 

t AA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

9,15 

C RAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 

1 

tRSH 

RAS Hold Time 

25 

- 

30 

- 

ns 

B 

t CSH 

CAS Hold Time 

85 

- 

105 

- 

ns 



CAS Pulse Width 

25 

10,000 

p*n 

10,000 

ns 

■ ■ 

£ ral 

Column Address to RAS Lead Time 

45 

- 

m 

- 

ns 

M 


CAPACITANCE (V C c“5V±10%, f-lMHz, Ta-0~ 70“C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (AO^AIO, Din) 

- 

5 

pF 

CI2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

pF 

Co 

Output Capacitance (Dqut) 

- 

7 

pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgs» 

3. *CC1» X CC3> X CC4 > I CC6 depend on cycle rate. 

4. ^CCl » lcC4 depend on output loading. Specified values are obtained with the 
output open. 

5. Column address can be changed once or less while RAS- V IL and CAS^IH. 

6. An initial pause of 200ys is required after power-up followed by 8 R&S only 
refresh cycles before proper device opera tion is ac hieve d. In case of using 
inter nal refresh counter, a minimum of 8 CAS before RAS refresh cycles instead 
of 8 RAS only refresh cycles are required. 

7. AC measurements assume t*j>-5ns. 

8. Vjfl(min.) and ViL(max.) are reference levels for measuring timing of input 
signals. Also, transition times -are measured between Vjh and Vjx,* 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF( raax * ) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

11. Either t^Qj or tj^jj must be satisfied for a read cycle. 

12. Th ese pa rameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-modif y-write - cycles . 

13. tycs 9 tpwD, tcwx) and tAWD are not restrictive operating parameters.. They, are 

included in the data sheet as electrical characteristics only. If tycg £ tycs 

(min.), the cycle is an early write cycle and data out pin will remain open 

circuit (high impedance) through the entire cycle; If tRyj) £ t^yj)(min . ) , 

t CWD « t CWD( m ^ n *) an d ^awd ■ tAWD fain . ) , the cycle is a read-mod if y-write cycle and 
data out will contain data read from the selected cell: If neither of the 
above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

14. Operation within the tRQ)(max.) limit insures that tRAc(max. ) can be met. 
tRoCmax.) is specified as a reference point only: If t^Q) is greater than the 
specified tR CI )(max.) limit, then access time is controlled by t c ^ c . 

15. Operation within the t RAD (max.) limit insures that t^^(max.) can be met. 
t RAD( max «) is specified as a reference point only: If t^AD is greater than the 
specified t^ AI) (max.) limit, then access time is controlled by t^. 
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TC514101J/Z-10 


read-modxfy-write cycle 
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NIBBLE MODE READ-MODIFY-WRITE CYCLE 
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i 

HIDDEN REFRESH CYCLE (READ) ! 
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HIDDEN REFRESH CYCLE (WRITE) 



V 0H — 

Dqut open 

V 0L — 


17771 : "H" or "L' 
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READ CYCLE IN THE TEST MODE 



53 
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APPLICATION INFORMATION 
ADDRESSING 

The 22 address bits required to decode 1 of the 4,194,304 cell locations within 
the TC514101J/Z are multiplexed onto the 11 address inputs and latched into the on- 
chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS) , latches the 11 row address bits 
into the chip. The second clock, the Column Address Strobe (C5§), subsequently 
latches the 11 column address bits into the chip. Each of these signals, RAS, and 
CAS, triggers a sequence of events which are controlled by different delayed inter- 
nal clocks. 

The two clock chains are linked together logically in such a way that the ad- 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data. access. The later events in the CAS clock sequence are inhibited 
until the occurrence of a delayed signal derived from the RAS clock chain. This 
"gated CAS" feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tftAH) has been satisfied and the address inputs 
have been changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by 
a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE 
or CAS) to make its negative transition is the strobe for the Data In (Djjj) register. 
This permits several options in the write cycle timing. In a write cycle, if the 
WRITE input is brought low (active); prior to CAS, the D IN is strobed by. CAS’ and the 
set-up and hold times are referenced to CAS . If the input data is not available at 
CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal 
will be delayed until after CAS has made its negative transition. In this "delayed 
write cycle" the data input set-up and hold times are referenced to the negative 
edge of WRITE rather than CAS. (To illustrate this feature, Dju is referenced to 
WRITE in the timing diagrams depicting the read-write and nibble mode write cycles 
while the "early write" cycle diagram shows Djn referenced to CAS) • 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the 
inactive or high state throughout the portion of the memory cycle in which CAS is 
active (low) . Data read from the selected cell will be available at the ouptut 
within the specified access time. 
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DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) of the TC514101J/Z is the high 
impedance (open circuit) state. This is to say, anytime CAS is at a high level, the 
Dqut P* n be floating. The only time the output will turn on and contain either 

a logic 0 or logic 1 is at access time during a read cycle. Dqut will remain valid 
from access time until CAS is taken back to the inactive (high level) condition. 


NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. The 
first of 4 bits is accessed in the usual manner with read data coming out at t^AC 
time. By keeping RAS low, CAS can be cycled up and then down, to read or write the 
next three pages at high data rate. Row and column address heed only be supplied 
for the first access of the cycles. From then on, the falling edge of CAS will 
activate the next bit. After four bits have been accessed, the next bit will be 
the same as the first bit accessed (wrap-around method). 

, 0 )- ( 0 , 1 ) -( 1 , 0 ) -( 1 , 1 ) 


Address A10 determines the starting point of the circular 4 bits nibble. Row A10 
and column A10 provide the two binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion; 00 *♦* 01 .*► 10 -K 11 with 
A10 row being the least significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any combinations 
of reads and writes or late writes will be allowed. In addition, the circular wrap- 
around will continue for as long as RAS is kept low. 




RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 1024 row address (A0^A9) within each 16 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with "RAS-only" cycles. 
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CSS BEFORE MS' REFRESH 

CAS before HAS refreshing available on the TC514101J/Z offers an alternate 
refresh method. If CAS is held on low for the specified period (t CS p) before RAS 
goes to low, on chip refresh control clock generators and the refresh address counter 
are enabled, and an internal refresh operation takes place. After the refresh op- 
eration is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 


HIDDEN REFRESH 

An optional feature of the TC514101J/Z is that refresh cycles may be per- 
formed while maintaining valid data at the output pin. This referred to as Hidden 
Refersh. Hidden Refresh is performed by holding CA§ at and taking RAS high and 
after a specified precharge period (tpp) , executing a CAS before RAS refresh cycle. 
(See Figure below) 


ra§ 


caS 


^OUT 


MEMORY CYCLE . REFRESH CYCLE REFRESH CYCLE 


\ 


v r' 

r~~ 






A 

r 





OPEN — ^ 


y 


1 




This feature allows a refresh cycle to be "hidden" among data cycles without 
affecting the data availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514101J/Z can be tested by CAS BEFORE RAS 
REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the internal 
counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initializa- 
tion cycles. The test procedure is as follows. 

(T) Write "0" into all the memory cells at normal write mode. 

(2) Select one certain column address and read "O’* out and write "l” in each cell 
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE) . 

Repeat this operation 1024 times. 

(3) Check "l” out of 1024 bits at normal read mode, which was written at (5) • 

(4) Using the same column as (2) , read "l" out and write "0" in each cell per- 
forming CAS BEFORE RAS REFRESH COUNTER TEST. 

Repeat this operation 1024 times. 

(5) Check "O'' out of 1024 bits at normal read mode, which was written at (?) . 

(6) Perform the above (1) to (5) the complement data. 
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TEST MODE 

The TC514101J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same way. A10R, A10C and AO C are not used. If, upon 
reading, all bits are equal (all "l"s or "0"s) , the data output pin indicates a "1". 

If any of the bits differed, the data output pin would indicate a "0". Fig. 1 shows 
the block diagram of TC514101J/Z. In "Test Mode", the 4M DRAM can be tested as if 
it were a 512K DRAM. 

"WRITE, CAS Before RAS Refresh Cycle" puts the device into "Test Mode". And 
"CAS Before RAS Refresh. Cycle" or "RAS Only Refresh Cycle" puts it back into "Normal 
Mode". In the Test Mode, "WRITE, CAS Before RAS Refresh Cycle" performs the refresh 
operation with the internal refresh address counter. The "Test Mode" function reduces 
test times (1/8 in case of N test pattern). 
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BLOCK DIAGRAM IN TEST MODE 



Fig. 1 
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NOTES 



4,194,304 WORD x 1 BIT DYNAMIC RAM 


This is advanced information and specifica- 
tions are subject to change without notice. 


DESCRIPTION 

The TC514101AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514101AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514101AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ(3Q0/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. The special feature 
of TC514101AP/AJ/ASJ/AZ is nibble mode, allowing the user to serially access 4 bits of data at a high 
data rate. 


FEATURES 

• 4,194,304 word by lbit organization 

• Fast access time and cycle time 


! - ... 

TC5 1 4 1 0 1 AP/AJ/ASJ/A2 - 60 

t-RAC 

RAS Access Time 

60ns 

Ua 

Column Address 
Access Time 

30ns 

tCAC 

CAS Access Time 

20ns 

tRC 

Cycle Time 

110ns 

t-NCAC 

Nibble Mode 

Access Time 

20ns 

tNC 

Nibble Mode 

Cycle Time 

40ns 


• Single power supply of 5V±10% 
with a built-in Vbb generator 

PIN NAMES 


Low Power 

660mW MAX. Operating 

(TC514101AP/AJ/ASJ/AZ - 60) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 

dimensional chip selection 

Common I/O capability using “EARLY 

WRITE” operation 

Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Nibble 
Mode and Test Mode capability 
All inputs and output TTL compatible 
1024 refresh cycles/16ms 
Package TC514101AP : DIP18-P-300E 

TC514101AJ : SOJ26-P-350 

TC514101ASJ : SOJ26-P-300A 

TC514101AZ : ZIP20-P-400A 


A0~A1Q 

Address Inputs 

WRITE 

ReadA/Vrite Input 

CAS 

Column Address Strobe 

Vcc 

Power ( + 5V) 

Din 

Data In 

Vss 

Ground 

d out 

Data Out 

N.C. 

No Connection 

RAS 

! Row Address Strobe 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 



Input Voltage 

V|N 

- 1 —7 


1 

Output Voltage 

VOUT 

- 1—7 


1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

Tqpr 


X 

mam 

Storage Temperature 



X 

mm 

Soldering Temperature • Time 


260-10 

°C - sec 

warn 

Power Dissipation 

P ° 

700 

mW 

i 

Short Circuit Output Current 

•out 

50 


i 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

Vih 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

Vil 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (V C c = 5V+10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

*CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc = tRc MIN. ) 

TC5 1 4 1 0 1 AP/AJ/A$J/AZ-60 

- 

120 

mA 

3,4 

5 

Icc 2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V| H ) 


2 

mA 


>CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS = V, H : t RC = t RC MIN. ) 

TC5 1 4 1 0 1 AP/AJ/ASJ/AZ-60 

- 

120 

mA 

3,5 

>CC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS = V| L , CAS, Cycling: t NC = t NC MIN. ) 

TC5 1 4 1 0 1 AP/AJ/ASJ/AZ-60 


50 

mA 

3,4 

5 

*CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V CC - 0.2V) 


1 

mA 


>CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tRc = tRc MIN. ) 

TC5 1 4 1 01 AP/AJ/ASJ/AZ-60 

- 

120 

mA 

3,5 

•l{L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV 5 V|n £ 6.5V, All Other Pins Not Under Te$t = 0V) 

- 10 

10 

pA 


•Od) 

OUTPUT LEAKAGE CURRENT 

(D 0U t is disabled, 0V£ V OUT ^5.5V) 

-10 

10 

pA 


V OH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 

2.4 

- 

V 


VOL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iout = 4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V CC = 5V±10%, Ta = 0~70°c)(Notes 6, 7, 8) 




tNRMW 

Nibble Mode Read -Modify Write Cycle 
Time 

65 

- 

ns 


*RAC 

Access Time from RAS 

- 

60 

ns 

9,14 

15 

tCAC 

Access Time from CAS 

- 

20 

ns 

9,14 

tAA 

Access Time from Column Address 

- 

30 

ns- 

9,15 



Nibble Mode Access Time 
CAS to Output in low-Z 
Output Buffer Turn-off Dela y 
Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 

RAS Hold Time 

CAS Hold Time 


CAS Pulse Width 

RAS to CAS Delay Time 

RAS to Column Address Delay Time 


*CP 

CAS Precharge Time 

10 

*ASR 

Row Address Set-Up Time 

0 


Row Address Hold Time 
Column Address Set-Up Time 
Column Address Hold Time 
Column Address to RAS Lead Time 



tRCS 

Read Command Set-Up Time 

0 

- 

ns 


tRCH 

Read Command Hold Time referenced 

to CAS 

0 

- 

ns 

11 

tRRH 

Read Command Hold Time referenced 
to RAS 

0 

- 

ns 

11 

twCH 

Write Command Hold Time 

10 

- 

ns 


twp 

Write Command Pulse Width 

10 

- 

ns 


tRWl 

Write Command to RAS Lead Time 

20 

- 

ns 



Write Command to CAS Lead Time 
Data-In Set-Up Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC5 1 4 1 0 1 AP/AJ/ASJ/AZ-60 

UNITS 

NOTES 

MIN. 

MAX. 

Idh 

Data-In Hold Time 

15 

- 

ns 

12 

*REF 

Refresh Period 

- 

16 

ms 


twcs 

Write Command Set-UP Time 

0 


ns 

13 

tcWD 

CAS to WRITE Delay Time 

20 

- 

ns 

13 

tRWD 

RAS to WRITE Delay Time 

60 

- 

ns 

13 

tAWD 

Column Address to WRITE Delay Time 

30 

_ 

ns 

13 

*CSR 

CAS Set-Up Time 
(CAS before RAS ) 

5 

- 

ns 


*CHR 

CA? Hold Time 
(CAS before RAS ) 

15 

- 

ns 


tRPC 

RAS Precharge to CA§ Active Time 

0 

- 

ns 


tCPT 

CA? Precharge Time (CaS before RAS 
Counter Test ) 

30 

- 

ns 


tNCAS 

Nibble Mode Pulse Width 

20 

- 

ns 


tfMCP 

Nibble Mode CAS Precharge Time 

10 

- 

ns 


tNRSH 

Nibble Mode RAS Hold Time 

20 

- 

ns 


tfMCWD 

Nibble Mode 'CAS to WRITE Delay 

Time 

20 

- 

ns 


tfMRWL 

Nibble Mode WRITE Command to RAS- 

Lead Time 

20 

- 

ns 


tlMCWL 

Nibble Mode WRITE Command to CAS 

Lead Time 

20 

- 

ns 


tWTS 

Write Command Set-Up Time 
(Test Mode In) 

10 

- 

ns 


twTH 

Write Command Hold Time 

(Test Mode In) 

10 

- 

ns 


twRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

- 

ns 


twRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS IN THE 
TEST MODE (Vcc = 5V ± 10%, Ta = 0~70°C) (Note6, 7, 8) 


SYMBOL 

PARAMETER 

TC5 1 41 0 1 AP/AJ/ASJ/AZ-60 

UNITS 

NOTES 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

115 


ns 


*RAC 

Access Time from RAS 

- 

65 

ns 

9,14, 

15 

*CAC 

Access Time from CAS 

- 

25 

ns 

9,14 

Ua 

Access Time from Column Address 

- 

35 

ns 

9,15 

tRAS 

RAS Pulse Width 

65 

10,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

ns 


tcSH 

tAS Hold Time 

65 

- 

ns 


*CA$ 

SaS Pulse Width 

25 

10,000 

ns 


*RAL 

Column Address to RAS Lead Time 

35 

- 

a 



CAPACITANCE (Vrr = 5V ± 10%. f = 1MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C.i 

Input Capacitance (A0- A 10, D iN ) 

- 

5 

PF 

C.2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

Co 

Output Capacitance (Dout) 

- 

7 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss* 

3. Icci> ICC3, ICC4> ICC6 depend on cycle rate. 

4. Icci> ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS = Vil and CAS=Vih- 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT = 5ns. 

8. Vih (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCK or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in read-write cycles. 

13. t\vCS> tRWD, tcwD and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If ty/CS— twcs (min.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tRWD — tRWD (min.), tcwD^tcwD (min.) and tAWD = tAWD (min.) the cycle is a read-write cycle and 
the data out will contain data read from the selected cell: If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If Irad is greater than the specified Irad (max.) 
limit, then access time is controlled by tAA* 
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TIMING WAVEFORMS 
READ CYCLE 

L j 
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NIBBLE MODE WRITE CYCLE(EARLY WRITE) 
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NIBBLE MODE READ - MODIFY - WRITE 
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HIDDEN REFRESH CYCLE (WRITE 
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VR1TE. CS5 BEFORE RS5 REFRESH CYCLE 
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APPLICATION INFORMATION 
ADDRESSING 

The 22 address bits required to decode 1 of the 4,194,304 cell locations within the TC514101AP/AJ/ASJ/AZ 
are multiplexed onto the 11 address inputs and latched into the on-chip address latches by externally applying 
two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RA&), latches the 11 row address bits into the chip. The second 
clock, the Column Address Strobe (CA§), subsequently latches the 11 column address bits into the chip. Each 
of these signals, RAS, and CAS, triggers a sequence of events which are controlled by different delayed 
internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation is 
done outside of the critical path timing sequence for read data access. The later events in the UAB clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The “gated 
CAS” feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (tRAll) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by a combination of WRITE and 
CAS While RAS is active. The later of the signals (WRITE or UXB) to make its negative transition is the 
strobe for the Data In (Din) register. This permits several options in the write cycle timing. In a write cycle, 
if the WRITE input is brought low (active) prior to CAS, the DIN is strobed by CAS and the set-up and hold 
times are referenced to C AS. If the input data is not available at CAS time or if it is desired that the cycle be a 
read-write cycle, the WRITE signal will be delayed until after CAS has made its negative transition. In this 
“delayed write cycle”the data input set-up and hold times are referenced to the negative edge of WRITE rather 
than CAS. (To illustrate this feature, Din is referenced to WRITE in the timing diagrams depicting the read- 
modify-write and nibble mode write cycles while the “early write”cycle diagram shows Din referenced to 

CAS). 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which CAS is active (low). Data read from the selected cell will 
be available at the output within the specified access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dout) of the TC514101AP/AJ/ASJ/AZ is the high impedance 
(open circuit) state. This is to say, anytime CAS is at a high level, the Dout pin will be floating. The only 
time the output will turn on and contain either a logic 0 or logic 1 is at access time during a read cycle. Dout 
will remain valid from access time until CAS is taken back to the inactive (high level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits The first of 4 bits is accessed in the 
usual manner with read data coming out at tcAC time. By keeping RAS low, CAS can be cycled up and then 
down, to read or write the next three pages at high data rate (faster than tcAC)- Row and column addresses 
need only be supplied for the first access of the cycles. From then on, the falling edge of CAS will activate the 
next bit. After four bits have been accessed, the next bit will be the same as the first bit accessed (wrap- 
around method) . 
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(0,0) — — ► (0,1) ► (1,0) ► (1,1) 


Address A10 determines the starting point of the circular 4 bits nibble. Row A10 and column A10 provide the 
two binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion; 00—01—10—11 with A10 row being the least 
significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any conbinations of reads and writes or late 
writes will be allowed. In addition, the circular wraparound will continue for as long as RAS is kept low. 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row 
address (A0—A9) within each 16 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with “RAS-only” cycles. 

CA5 BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC5 14101 AP/AJ/ASJ/AZ offers an alternate refresh method. If 
CAS is held on low for the specified period (tcsit) before RAS goes to low, on chip refresh control clock 
generators and the refresh address counter are enabled, and an internal refresh operation takes place. After 
the refresh operation is performed, the refresh address counter is automatically incremented in preparation 
for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TC5 141 01 AP/AJ/ASJ/AZ is that refresh cycles may be performed while 
maintaining valid data at the output pin. This referred to as Hidden Refresh. Hidden Refresh is performed by 
holding CAS at Vil and taking RAS high and after a specified precharge period (tup), executing a CAS before 
RAS refresh cycle, (see Figure below) 



MEMORY CYCLE 

REFRESH CYCLE 

REFRESH CYCLE 





RAS ' 


\ ' 

\ . / 





CAS 


r 
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°0UT 0P 

EN \ 

r 


1 




This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data avilability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC5 14101 AP/AJ/ASJ/AZ can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READAVRITE operation taking the internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

® Write “0” into all the memory cells at normal write mode. 

® Select one certain column address and read “0” out and write “1” in each cell by performing CAS 
BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE) . Repeat this operation 1024 
times. 

@ Check “1” out of 1024 bits at normal read mode, which was written at ® . 

® Using the same column as (2), read “1” out and write “0” in each cell performing CAS BEFORE RAS 
REFRESH COUNTER TEST. Repeat this operation 1024 times. 

® Check “0” out of 1024 bits at normal read mode, which was written at ® . 

(6) Perform the above CD to (D to the complement data. 




TEST MOPE 

The TC514101AP/AJ/ASJ/AZ is the RAM organized 4,194,304words by 1 bit, it is internally organized 
524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and retrieved the same 
way. A10R, A10C and AOC are not used. If, upon reading, all bits are equal (all “l”s or“ 0”s), the data output 
pin indicates a “1”. If any of the bits differed, the data outputpin would indcate shows the block diagram of 
TC5 1 4 10 1 AP/AS J/AZ . In“Test Mode”, the 4M DRAM can be tested as if it were a 512K DRAM. 

“WRITE , CAS Before RAS Refresh Cycle” puts the device “Test Mode”. And “CAS Before RAS Refresh 
Cycle” or“ RAS Only Refresh Cycle”puts it back into “Normal Mode”.In the Test Mode, “WRITE. CAS 
Before RAS Refresh Cycle” performs the refresh operation with the internal refresh address counter. The 
“Test Mode” functiom reduces test times(l/8 in case of N test pattern) 
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NOTES 



4,194,304 WORD X 1 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514101AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514101AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514101AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. The special feature 
of TC5 11001 AP/AJ/ASJ/AZ is nibble mode, allowing the user to serially access 4 bits of data at a high 
data rate. 


FEATURES 


• 4,194,304 word by lbit organization 

• Fast access time and cycle time 




TC5 141 01 AP/AJ/ASJ/AZ 

-70/80/10 

*RAC 

RAS Access Time 

70ns 

80ns 

100ns 

*AA 

Column Address 
Access Time 

35ns 

40ns 

50ns 

*CAC 

LAS Access Time 

20ns 

20ns 

25ns 

*RC 

Cycle Time 

130ns 

150ns 

180ns 

*NCAC 

Nibble Mode 
Access Time 

20ns 

20ns 

25ns 

*NC 

Nibble Mode 

Cycle Time 

40ns 

40ns 

. 45ns 


• Single power supply of 5V±10% 
with a built-in Vbb generator 

PIN NAMES 



Address Inputs 


Read/Write Input 



E£9I 

Power ( + 5V) 

MOHM 

Data In 

Cl 

Ground 

D OUT 

Data Out 

N.C. 



Row Address Strobe 


muzz 


PIN CONNECTION (TOP VIEW) 




o Low Power 

550mW MAX. Operating 

(TC514101 AP/AJ/ASJ/AZ - 70) 
468m'VV MAX. Operating 

(TC514101 AP/AJ/ASJ/AZ - 80) 
413mW MAX. Operating 

(TC 5 1 4 1 0 1 AP/AJ/ASJ/AZ - 10) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capability using “EARLY 
WRITE” operation 

• Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 
o 1024 refresh cycles/16ms 

• Package TC514101AP : DIP18-P-300E 

TC514101AJ : SOJ26-P-350 

TC514101ASJ : SOJ26-P-300A 
TC514101AZ : ZIP20-P-400A 


BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

Vim 

- 1—7 

V 

1 

Output Voltage 

Vqut 

- 1-7 

V 

1 

Power Supply Voltage 

v C c 

-1-7 

V 

1 

Operating Temperature 

Topr 

0-70 

# C 

1 

Storage Temperature 

Tstg 

-55-150 

°C 

1 

Soldering Temperature • Time 

Tsoloer 

260-10 

•C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

'out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

v C c 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

Vih 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

Vil 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


A-186 
























































TC51 41 01 AP/AJ/ASJ/AZ-70, TC51 41 01 AP/AJ/ASJ/AZ-80 

TC51 41 01 AP/AJ/ASJ/AZ— 1 0 


DC ELECTRICAL CHARACTERISTICS (V cc = 5V + 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RA$, CaS, Address Cycling: t RC = t R c Ml N. ) 

TC5 14101 AP/AJ/ASJ/AZ-70 

- 

100 


■ 

TC5 14101 AP/AJ/ASJ/AZ-80 

- 

85 



75 



■ 

■ 


■ 

ICC3 

IaS ONLY REFRESH CURRENT 

Average Power Supply Current, RA$ Only Mode 
(RAS Cycling, CAS a Vm: t R c = t R c MIN. ) 

TC5 1 4 1 0 1 AP/AJ/ASJ/AZ-70 

- 

100 


■ 

TCS 1 4 1 0 1 AP/AJ/ASJ/AZ-80 

- 

85 

TC 5 1 4 1 0 1 AP/AJ/ASJ/AZ- \ 0 

- 

75 

kC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(Ea 5 = V| L , CAS, Cycling: t NC = t NC MIN. ) 

TC5 1 4 1 0 1 AP/AJ/ASJ/AZ-70 


70 

mA 

B 

TC5 1 4 1 0 1 AP/AJ/ASJ/AZ-80 

- 

86 

TC5 1 4 1 0 1 AP/AJ/ASJ/AZ- 1 0 

- 

55 

lees 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V cc -0.2 V) 

■ 

■ 

mA 

■ 

kc6 

CAS BEFORE EAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (IAS, CAS Cycling: t R c = t R c MIN. ) 


- 

100 

mA 

B 

TC5 14 101 AP/AJ/ASJ/AZ-80 


85 

TC5 1 4 1 0 1 AP/AJ/AS J/AZ-1 0 

- 

75 

•> (L> 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input 

(0V£ Vin£ 6.5V, All Other Pins Not Under Test = 0V) 

-10 

10 

pA 

B 

>0(1) 

OUTPUT LEAKAGE CURRENT 
(D 0U t is disabled, OVS V 0UT S S.5V) 

-10 

10 

pA 

■ 

V 0 H 

OUTPUT LEVEL 

Output Level Voltage (Iout= *-5mA) 

B 

fl 

V 

■ 

Voi 

OUTPUT LEVEL 

Output "L" Level Voltage (l OUT a4.2mA) 

B 

0.4 

fl 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

” (V CC = 5V±10%, Ta = 0~70°c)(Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

*RC 

Random Read or Write Cycle Time 

tRMW 

Read-Modify-Write Cycle Time 

t|MC 

Nibble Mode Cycle Time 


TC5 1 4 1 0 1 AP/AJ/AS J 
/AZ-70 

TC5 1 4 1 0 1 AP/AJ/AS J 
/AZ-80 

TC5 1 4 1 0 1 AP/AJ/A5J 
/AZ-10 

MIN, 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


Nibble Mode Read--Modify Write Cycle 
tNRMW Time 


t RAC 

Access Time from RAS 

*CAC 

Access Time from CAS 

Ua 

Access Time from Column Address 

UCAC 

Nibble Mode Access Time 

UlZ 

CAS to Output in Low-Z 

tOFF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

*RAS 

RAS Pulse Width 


l 



UNIT NOTES 


9,14 


9 



*R$H 

RAS Hold Time 

*CSH 

CAS Hold Time 

tCAS 


fRCO 

ftAS to CAS Delay Time 

*RA0 

RA§ to Column Address Delay Time 

*CRP 

CAS to kAS Precharge Time 

*CP 

CA5 Precharge Time 

tASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

*RAl 

Column Address to rAS Lead Time 

*RC$ 

Read Command Set-Up Time 

Irch 

Read Command Hold Time referenced 
to Ca5 

tRRH 

Read Command Hold Time referenced 
to RA5 

twCH 

Write Command Hold Time 

twp 

Write Command Pulse Width 

tRWl 

Write Command to RAS Lead Time 

t CWL 

Write Command to £A!> Lead Time 

Us 

Data-In Set-Up Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC514101AP/ 

AJ/ASJ/AZ-70 

TC514101AP/ 

AJ/ASJ/AZ-80 

TC514101AP/ 

AJ/ASJ/AZ-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tQH 

Data-In Hold Time 

15 

- 

15 


20 

- 

ns 

12 

tREF 

Refresh Period 

- 

16 

- 

16 

- 

16 

ms 


*WC$ 

Write Command Set-UP Time 

0 

- 

0 

_ 

0 

- 

ns 

13 

tcWD 

Ca$ to WRITE Delay Time 

20 

- 

20 

- 

25 

- 

ns 

13 

tRWO 

RAS to WRITE Delay Time 

70 

- 

80 

- 

100 

- 

ns 

13 

tAWO 

Column Address to WRITE Delay Time 

35 

- 

40 

- 

50 

- 

ns 

13 

kSR 

CA$ Set-Up Time 
(CAS before RA5 ) 

5 

- 

5 

- 

5 

- 

ns 


*CHR 

CAS Hold Time 
(CAS before RAS ) 

15 

- 

15 

- 

20 

- 

ns 


*RPC 

RAS Precharge to <53 Active Time 

0 

- 

0 

- 

0 

- 

ns 


tCPT 

CaS Precharge Time (Ca 3 before RA$ 
Counter Test ) 

40 

- 

40 

- - 

50 

- 

ns 


t|\JCAS 

Nibble Mode Pulse Width 

20 

- 

20 

- 

25 

- 

ns 


tNCP 1 

Nibble Mode CaS Precharge Time 

10 

- 

10 

- 

10 

- 



*NRSH 

Nibble Mode ftA$ Hold Time 

K3 

- 

mm 

- 

■E3 

- 

m 

mm 

^NCWD 

Nibble Mode Za 5 to WRITE Delay 

Time 

20 

- 


“ 

25 

- 

ns 

■ 

tNRWl 

Nibble Mode WRITE CommandtoRAS 

Lead Time 

20 

- 

20 

- 

25 

- 

ns 


tNCWL 

Nibble Mode WRITE Command to <53 

Lead Time 

20 

B 

20 

- 

25 

- 

ns 


twTS 

Write Command Set-Up Time 
(Test Mode In) 

10 

B 

10 

- 

10 

B 

ns 


*WTH 

Write Command Hold Time 

(Test Mode In) 

10 

- 

10 

- 

10 

- 

ns 


*WRP 

WRITE to WAS Precharge Time 
(EaS before RAS Cycle) 

10 

- 

10 

| 

10 

- 

ns 


*WRH 

WRITE to RA$ Hold Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

10 

B 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS IN THE 
TEST MODE (Vcc = 5V ± 10%, Ta = 0~70°C) (Note6, 7, 8) 


SYMBOL 

PARAMETER 

TC514101AP/ 

AJ/ASJ/AZ-70 

TC514101AP/ 

AJ/ASJ/AZ-80 

TC514101AP/ 

AJ/ASJ/AZ-10 



MIN. 

MAX. 

MIN. 

MAX. 



MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

mm 

- 

isa 


mm 

- 

m 


*RMW 

Read-Modi fy-Write Cycle Time 

mm 

- 

H§§ 

- 

mm 

- 

WM 


tRAC 

Access Time from RA5 

- 

75 

- 

85 

- 

105 

m 

BBS 

^CAC 

Access Time from CAS 

- 

25 

- 

25 

- 

30 

D 

9,14 

tAA 

Access Time from Column Address 

- 

40 

- 

45 

- 

55 

■a 

B9 

*RA$ 

RA$ Pulse Width 

mm 

10,000 

mm 

10,000 

ia 

10,000 

m 


tRSH 

RA? Hold Time 

mm 

- 

mm 

- 

mm 

- 

m 


kSH 

CAS Hold Time 

mm 

- 

mi 

- 

mm 

- 

■a 


*CAS 

CAS Pulse Width 

mi 

10,000 

mm 

10,000 

mm 

10,000 

m 


^RAL 

Column Address to RAS Lead Time 

■a 

- 

mi 

- 

mm 

- 

D 


^CWD 

CAS to WRITE delay Time 

mm 

- 

El 

- 

m 


D 


tRWD 

RAS to WRITE Delay Time 

mm 

- 

85 

- 

ioi 

- 

■a 


tAWO 

Column Address to WRITE Delay Time 

mm 

- 

■B 

- 

El 

- 

■a 



CAPACITANCE (Vrr = 5V 1 10°/o.f= 1MHz. Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C,i 

Input Capacitance (A0~ A 10, D tN ) 

- 

5 

PF 

C| 2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

Co 

Output Capacitance (Dout) 

1 

7 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vs$. 

3. Icci, ICC3, ICC4, IcC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While EaS= Vil and CaS= Vih- 

6. An initial pause of 200ps is required after power-up followed by 8 HAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before HAS refresh cycles instead of 8 HAS only refresh cycles are required. 

7. AC measurements assume tT = 5ns. 

8. Vjh (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open* circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WHITE leading 
edge in read-write cycles. 

13. twcs* tRWD, tcwD, tAWD and tcpWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcS— twCS (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD= tRWD (min.), tcwD^ tcwD (min.), tAWD — tAWD (min.) and tcpWD^ tCPWD (min.) (Fast Page 
Mode), the cycle is a read- write cycle and the data out will contain data read from the selected 
cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tCAC* 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 
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TIMING WAVEFORMS 
READ CYCLE 
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WRITE CYCLE (EARLY WRITE) 


tRC 


L 


.1 
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READ-MODIFY-WRITE CYCLE 


I. 


tRMW 


J 
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NIBBLE MODE WRITE CYCLECEARLY WRITE: 
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5aS only refresh cycle 



A- 197 



TC51 41 01 AP/AJ/ASJ/AZ-70, TC51 41 01 AP/AJ/ASJ/AZ-80 
TC51 4101 AP/AJ/ASJ/AZ-1 0 


CM BEFORE HAS REFRESH CYCLE 


*RC 


ra5 



05 


VlH 

V.L — 


y 


VlH — j 
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WRITE. gAg BEFORE MS REFRESH CYCLE 
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APPLICATION INFORMATION 
ADDRESSING 

The 22 address bits required to decode 1 of the 4,194,304 cell locations within the TC514101AP/AJ/ASJ/AZ 
are multiplexed onto the 11 address inputs and latched into the on-chip address latches by externally applying 
two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 11 row address bits into the chip. The second 
clock, the Column Address Strobe (CA$), subsequently latches the 11 column address bits into the chip. Each 
of these signals, RAS, and CAS, triggers a sequence of events which are controlled by different delayed 
internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation is 
done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The “gated 
CAS” feature allows the CA$ clock to be externally activated as soon as the Row Address Hold Time 
specification (tRAll) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by a combination of WRITE and 
CAS While RAS is active. The later of the signals (WRITE or CAS) to make its negative transition is the 
strobe for the Data In (Din) register. This permits several options in the write cycle timing. In a write cycle, 
if the WRITE input is brought low (active) prior to CAS, the DIN is strobed by CAS and the set-up and hold 
times are referenced to CAS. If the input data is not available at CA$ time or if it is desired that the cycle be a 
read-write cycle, the WRITE signal will be delayed until after CAS has made its negative transition. In this 
“delayed write cycle”the data input set-up and hold times are referenced to the negative edge of WRITE rather 
than CAS. (To illustrate this feature, Din is referenced to WRITE in the timing diagrams depicting the read- 
modify-write and nibble mode write cycles while the “early write”cycle diagram shows Din referenced to 

UAS). 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which CAS is active (low). Data read from the selected cell will 
be available at the output within the specified access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dout) of the TC514101AP/AJ/ASJ/AZ is the high impedance 
(open circuit) state. This is to say, anytime CAS is at a high level, the DoUT pin will be floating. The only 
time the output will turn on and contain either a logic 0 or logic 1 is at access time during a read cycle. DoUT 
will remain valid from access time until CAS is taken back to the inactive (high level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits The first of 4 bits is accessed in the 
usual manner with read data coming out at tcAC time. By keeping RAS low, CAS can be cycled up and then 
down, to read or write the next three pages at high data rate (faster than tQAC)- Row and column addresses 
need only be supplied for the first access of the cycles. From then on, the falling edge of CAS will activate the 
next bit. After four bits have been accessed, the next bit will be the same as the first bit accessed (wrap- 
around method) . 
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—*•(0,0) ►(o.u *-(1,0) *-(1.1) 

Address A10 determines the starting point of the circular 4 bits nibble. Row A10 and column A10 provide the 
two binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion; 00-*0T--*10— *11 with A10 row being the least 
significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any conbinations of reads and writes or late 
writes will be allowed. In addition, the circular wraparound will continue for as long as RAS is kept low. 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row 
address (A0~A9) within each 16 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with “RAS-only” cycles. 

CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC514101AP/AJ/ASJ/AZ offers an alternate refresh method. If 
CAS is held on low for the specified period (tcsR) before RAS goes to low' on chip refresh control clock 
generators and the refresh address counter are enabled, and an internal refresh operation takes place. After 
the refresh operation is performed, the refresh address counter is automatically incremented in preparation 
for the next UA5 before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TC514101AP/AJ/ASJ/AZ is that refresh cycles may be performed while 
maintaining valid data at the output pin. This referred to as Hidden Refresh. Hidden Refresh is performed by 
holding CAS at Vil and taking RAS high and after a specified precharge period (tRp), executing a CAS before 
RAS refresh cycle, (see Figure below) 



MEMORY CYCLE 

REFRESH CYCLE 

REFRESH CYCLE 





RAS ^ 

\ 


s r~ 





CAS 

\ 

r 





EN / 


\ 

Dqut 0P 


n 


i 




This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data avilability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514101AP/AJ/ASJ/AZ can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ/WRITE operation taking the internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles £S initialization cycles. The test 
procedure is as follows. 

(!) Write “0” into all the memory cells at normal write mode. 

(D Select one certain column address and read “0” out and write “1” in each cell by performing CAS 
BEFORE HAS REFRESH COUNTER TEST (READ-WRITE CYCLE) . Repeat this operation 1024 
times. 

(3) Check “1" out of 1024 bits at normal read mode, which was written at (2) . 

(D Using the same column as <D, read “1” out and write “0” in each cell performing CAS BEFORE HAS 
REFRESH COUNTER TEST. Repeat this operation 1024 times. 

(D Check “0” out of 1024 bits at normal read mode, which was written at © . 

© Perform the above © to © to the complement data. 
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TEST MODE 

The TC5 14101AP/AJ/ASJ/AZ is the RAM organized 4,194,304words by 1 bit, it is internally organized 
524,288 words by 8 bits. In "Test Mode”, data are written into 8 sectors in parallel and retrieved the same 
way. A10R, A10C and AOC are not used. If, upon reading, all bits are equal (all “l”s or" 0”s), the data output 
pin indicates a "I". If any of the bits differed, the data outputpin would indcate shows the block diagram of 
TC514101AP/ASJ/AZ, In“Test Mode”, the 4M DRAM can be tested as if it were a 512K DRAM. 

"WRITE , CAS Before HAS Refresh Cycle” puts the device ‘Test Mode”. And "CAS Before HAS Refresh 
Cycle” or" HAS Only Refresh Cycle”puts it back into "Normal Mode”.In the Test Mode, "WHITE. CAS 
Before HAS Refresh Cycle” performs the refresh operation with the internal refresh address counter. The 
‘Test Mode” functiom reduces test times(l/8 in case of N test pattern) 
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NOTES 
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4,194,304 WORD X 1 BIT DYNAMIC RAM * This is advanced information and specifications 

are subject to change without notice. 

DESCRIPTION 

The TC514102J/Z is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514102J/Z utilizes TOSHIBA’S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514102J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size provides 
high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include single power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families 
such as Schottky TTL. 


FEATURES 

• 4,194,304 word by 1 bit organization 

• Fast access time and cycle time 

[" |TC514102J/Z-80/-10[ 


tRAC RAS Access Time 

80ns 

100ns 

t Column Address 

^ Access Time 

40ns 

50ns 

t CAC CS Access Time 

20ns 

25ns 

tRC Cycle Time 

150ns 

180ns 

tcr Static Column 
Mode Cycle Time 

45ns 

55ns 

• Single power supply < 

of 5V±10% 

with a 


built-in Vjjb generator 

PIN CONNECTION (TOP VIEW) 
Plastic SOJ Pla; 


dine i 26 3V S s 

WRITEC 2 25 ] DOUT 

RASE 3 24 3 £3 

N.C. E 4 23 3N.C. 


Plastic ZIP 
A 


Low power 

550mW Operating (TC514102J/Z-80) 

468mW Operating (TC514102J/Z-10) 

5. 5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 
Common I/O capability using "EARLY WRITE" 
operation ______ 

Read-Modify-Write, CS before RAS refresh, 
RAS-only refresh, Hidden refresh, Static 
Column Mode and Test Mode capability 
All inputs and output TTL compatible 
1024 refresh cycles/16ms 
Package Plastic SOJ: TC514102J 
Plastic ZIP: TC514102Z 
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PIN NAMES 


Read/Write Input 


Power (+5V) 


Ground 


No Connection 
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Address Inputs 

RAS 

Row Address Strobe 

din 

Data In 

dout 

Data Out 

CS 

Chip Select Input 



No . I CLOCK 
GENERATOR 


MEMORY 

ARRAY 


SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTE 

Input Voltage 

VlN 

-1*7 

V 

1 

Output Voltage 

VoUT 

-1*7 

V 

1 

Power Supply Voltage 

V CC 

-1*7 

V 

1 

Operating Temperature 

t OPR 

0 * 70 

°C 

1 

Storage Temperature 

TsTG 

-55*150 

°C 

1 

Soldering Temperature • Time 

T SOLDER 

260 * 10 


1 

Power Dissipation 

PD 

600 

mW 

1 

Short Circuit Output Current 

tout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta-O-WO'C) 


SYMBOL 

PARAMETER 



MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

msm 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

EDI 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta-0'v70°C) 


SYMBOL 

PARAMETER' j 

BIBB 

1 ihVJk 

UNITS 

fMHI 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS, Address Cycling: t^-tRC MIN.) 

TC514102J/Z-80 

- 

100 

mA 

3,4,5 

TC514102J/Z-1Q 

- 

85 

I CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS-CS=V IH ) 

- 

2 

mA 

■ 

1 CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS=V IH : tRc=tRC MIN.) 

TC514102J/Z— 80 

- 

100 

mA 

3,5 

TC514102J/Z-10 

... 

85 

I CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column Mode 
(RAS=CS=Vil> . Address Cycling: tsc =t SC MIN.) 

TC514102J/Z— 80 

- 

75 

mA 

a 

TC514102J/Z— 10 

- 

65 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V CC -0.2V) 

- 

■ 

mA 

M 

I CC6 

CS BEFORE RAS REFRESH CURRENT _ __ 

Average Power Supply Current, CS Before RAS Mode 
(RAS, CS Cycling: MIN.) 

TC514102J/Z-80 

- 

100 

mA 

3 

TC514102J/Z-10 

- 

85 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0V < Vj^ = 6 . 5V, All Other 
Pins Not Under Test=0V) 

-10 

10 

yA 

■ 

I T(L) 

OUTPUT LEAKAGE CURRENT 

(D oux is disabled, 0V < V 0UT < 5 .5V) 

-10 

10 

i 

yA 

■ 

v OH 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT^SmA) 

fl 

B 

V 

■ 

v OL 

OUTPUT LEVEL 

Output "L" Level Voltage ( IquT 5 ^ • 2mA) 

- 

0.4 

n 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta=0 ^ 70°C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514102J/Z 

-80 

TC514102J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

150 

- 

180 

- * 

ns 


tpMW 

Read-Modify-Write Cycle Time 

175 

- 

210 

- 

ns 


c SC 

Static Column Mode Cycle Time 

45 

- 

55 

- 

ns 


tSRMW 

Static Column Mode Read-Modify-Write 

Cycle Time 

80 

- 

100 

- 

ns 


c RAC 

Access Time from RAS 

- 

80 

- 

100 

ns 

9 , 14.15 

PCAC 

Access Time from CS 

- 

20 

- 

25 

ns 

9,14 

C AA 

Access Time from Column Address 

- 

40 

- 

50 

ns 

9,15 

C ALW 

Access Time from Last Write 

- 

75 

- 

95 

ns 

9,16 

c CLZ 

CS to Output in Low-Z 

0 

- 

0 

- 

ns 

9 

tOFF 

Output Buffer Turn-off Delay 

0 

20 ' 

0 

20 

ns 

10 

t AOH 

Output Data Hold Time from Column • 
Address 

5 

- 

5 

- 

ns 


c OW 

Output Data Enable Time from WRITE 

- 

25 

- 

30 

ns 


c WOH 

Output Data Hold Time from WRITS 

0 

- 

0 

- 

ns 


t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

8 

t RP 

RAS Precharge Time 

60 

- 

70 

- 

ns 


C RAS 

RAS Pulse Width 

80 

10,000 

100 

10,000 

ns 


t RASC 

RAS Pulse Width (Static Column Mode) 

80 

200,000 

100 

200,000 

ns 


t RSH 

MS Hold Time 

20 

- 

25 

- 

ns 


t CSH 

CS Hold Time 

80 

- 

100 

- 

ns 


c CS 

CS Pulse Width 

20 

10,000 

25 

10,000 

ns 


t CSC 

CS" Pulse Width (Static Column Mode) 

20 

200,000 

25 

200,000 

ns 


c RCD 

Ms to CS Delay Time 

20 

60 

25 

75 

ns 

14 

t RAD 

RAS to Column Address Delay Time 

15 

40 

20 

50 

ns 

15 

tCRP 

CS to RAS Precharge Time 

5 

- 

10 

- 

ns 


n 
n 
n i 

CS Precharge Time 

10 

- 

10 

- 

ns 


tASR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


’■RAH 

Row Address Hold Time 

10 

- 

15 

- 

ns 


t ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


c CAH 

Column Address Hold Time 

15 

- 

20 

- 

ns 


C AWR 

Write Address Hold Time referenced to 

RAS 

60 

- 

75 

- 

ns 


t AR 

Column Address Hold Time referenced to 
RAS 

90 

- 

115 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514102J/Z 

-80 

TC514102J/Z 

-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

t RAL 

Column Address to RAS Lead Time 

40 


50 

- 

ns 


c RCS 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 



Read Command Hold Time 

0 

- 

0 

- 

ns 

11 

C RRH 

Read Command Hold Time referenced to RAS 

0 

- 

0 

- 

ns 

11 

t WCH 

Write Command Hold Time 


- 

20 

- 

ns 

■■ 

c WCR 

Write Command Hold Time referenced to 

RAS 

60 

- 

75 

H 

ns 

■ 

tWP 

Write Command Pulse Width 

15 

- 

20 


ns 


C WI 

Write Command Inactive Time 

10 

- 

10 

- 

ns 


C AH 

Column Address Hold Time referenced to 

RAS Rise 

5 

- 

10 

- 

ns 

17 

C LWAD 

Last Write to Column Address Delay Time 

20 

35 

25 

45 

ns 

16 

C AHLW 

Last Write to Column Address Hold Time 


- 

95 

- 

ns 


C RWL 

Write Command to RAS Lead Time 


- 

25 

- 

ns 


c cwl 

Write Command to CS" Lead Time 


- 

25 

- 

ns 


C DS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

12 

tDH 

Data Hold Time 

15 

- 

20 

- 

ns 

12 

t DHR 

Data Hold Time referenced to RAS 

60 

- 

75 

- 

ns 


C REF 

Refresh Period 

- 

16 

- 

16 

ms 


C wcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

13 

t CTTO 

CS to WRITS Delay Time 


- 

25 

r 

ns 

13 

t RWD 

RAS to WRITE Delay Time 

80 

- 

100 


ns 

13 

C AWD 

Column Address to WRITE Delay Time 

40 

- 

50 

- 

ns 

13 

t CSR 

CS Set-Up Time (CS before RAS Cycle) 

5 

- 

5 

- 

ns 



CS Hold Time (CS before RAS Cycle) 

15 

- 

20 

- 

ns 


mm 

RAS to CS Precharge Time 

0 

- 

0 

- 

ns 



CS Precharge Time 
( CS before RAS Counter Test Cycle) 

40 

n 

50 

- 

ns 

m 


Write Command Set-Up Time (Test Mode In) 

10 


10 

- 

ns 


t WTH 

Write Command Hold Time (Test Mode In) 

10 

- 

10 

- 

ns 


t WRP 

WRITE to RAS Precharge Time 
(CS before RAS Cycle) 


| 

10 

- 

ns 

m 

C WRH 

WRITE to RAS Hold Time 
(CS - before RAS Cycle) 

10 

- 

10 

IB 

ns 

m 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(V CC =5V±10%, Ta=0~70°C) ( Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514102J/Z 

-80 

TC514102J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. , 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

155 

- • 

185 

- 

ns 


tsc 

Static Column Mode Cycle Time 

50 

- 

60 

- 

ns 


t RAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

9,14,15 

tCAC 

Access Time from CS 

- 

25 

- 

30 

ns 

9,14 

C AA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

9,15 

t RAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


t RASC 

RAS Pulse Width (Static Column Mode)-' 

85 

200,000 

105 

200,000 

ns 


t RSH 

RAS Hold Time 

25 ' 

- 

30 

- 

ns 


t CSH 

CS Hold Time 

85 

- 

105 

- 

ns 


t CS 

CS Pulse Width 

25 

10,000 

30 

10,000 

ns 


t csc 

CS Pulse Width (Static Column Mode) 

25 

200,000 

30 

200,000 

ns 


*-RAL 

Column Address to RAS Lead Time 

45 

- 

55 

- 

ns 



CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0~A10, Dj^) 

- 

5 

pF 

C I2 

Input Capacitance (RAS, CS, WRITE) 

- 

7 

pF 

C 0 

Output Capacitance (Dqut) 

- 

7 

pF 
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NOTES : 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3- ICC1» I CC3» I CC4» I CC6 depend on cycle rate. 

4. Icci> IcC4 depend on output loading. Specified values are obtained with the 
output open. 

5. Column address can be changed once or less while RAS^Vjl . 

6. An initial pause of 200ps is required after power-up followed by any 8 RAS only 
refresh cycles before proper device operation is achieved. 

In case of using internal re fres h counter, a minimum of 8 CS before RAS 
refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tx^Sns. 

8. Vj H (min.) and Vjx/max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjjj and Vj^. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toppCmax . ) defines the time at which the output achieves the open circuit con- 
dition and is not referenced to output voltage levels. 

11. Either tRQj or fc RRH must be satisfied for a read cycle. 

12. Th ese par ameters are referenced to CS leading edge in fearly write cycles and 
to WRITE leading edge in read-modify-write. cycles. 

13. t\.jcs , tRWE), tcWD an ^ tAWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If tycs^tWCS 
(min.), the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) throughout the entire cycles; If tRWD = tRWDfain. ) , 

c CWD ^ t CWD( m ^ n * ) an< ^ t AWD = c AWD (min • ) » the cycle is a read-modify-write cycle and 
the data out will contain data read from the selected cell: If neither of 
the above sets of conditions is satisfied, the condition of the data out 
(at access time) is indeterminate. 

14. Operation within the tRCD( max# ) limit insures that tj^c( max *) can met. 
tRCD( max# ) is specified as a reference point only: If t is greater than the 
specified t£cj)(max.) limit, then access time is controlled by t^Q. 

15. Operation within the tRAD(max.) limit insures that tRAc(max.) can be met. 
tRADCmax.) is specified as a reference point only: If tRAD is greater than the 
specified tR^)(max.) limit, then access time is controlled exclusively by tAA* 

16. Operation within the tLWAD( max *) limit insures that tALw( max *) can t> e met. 
t LWAD^ max *^ is specified as a reference point only: If tLWAD is greater than the 
specified t L yAD^ max ’) limit, then access time is controlled exclusively by t^. 

17. tAH is the condition to latch column address when RAS has rised up. 


A-214 




TC51 41 02J/Z— 80 
TC51 41 02 J/Z— 1 0 






















TC514102J/Z— 80 
TG51 41 02J/Z-1 0 


READ-MOD IFY-WRITE CYCLE 
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RAS ONLY REFRESH CYCLE 



V 0H 

Dqut opEN 

V 0L — 


Y77\ \ "H" or "L" 

NOTE: WRITE- ,, H" or "L", A10 ="H m or "L" 
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STATIC COLUMN MODE READ-MOD IFY-WRITE CYCLE 





* rad 


r 


tea I L 1 aa } 



VALID DATA 1 


VALID DATA N 


tCLZ | [7 ^ 

STATIC COLUMN MODE READ /WRITE MIXED CYCLE 

V IH ~~ t 


^ t RAD i 

\ASR 



COLUMN ADDRESS 1 


COLUMN 
ADDRESS 2 


COLUMN „ 

ADDRESS N 
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HIDDEN REFRESH CYCLE (READ) 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 


READ CYCLE 
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STATIC COLUMN MODE READ CYCLE IN THE TEST MODE 
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 
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TEST MODE 

The TC514102 J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same way. A10R, A10C and AOC’are not used. If, upon 
reading, all bits are equal (all "l"s or "0"s) , the data output pin indicates a "1". 

If any of the bits differed, the data output pin would indicate a "0". Fig. 1 shows 
the block diagram of TC514102J/Z. In "Test Mode", the 4M DRAM can be tested as if 
it were a 512K DRAM. 

"WRITE, CS Before RAS" Refresh Cycle" puts the device into "Test Mode”. And "CS 
Before RAS Refresh Cycle" or "RAS Only Refresh Cycle" puts it back into "Normal Mode". 
In the Test Mode, "WRITE, CAS Before RAS Refresh Cycle" performs the refresh operation 
with the internal refresh address counter. The "Test Mode" function reduces test 
times (1/8 in case of N test pattern). 
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Fig. 1 
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4,194,304 WORD x 1 BIT DYNAMIC RAM 


This is advanced information and specifica- 
tions are subject to change without notice. 


DESCRIPTION 

The TC514102AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514102AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514102AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 4,194,304 word by Ibit organization 

• Fast access time and cycle time 



TC5 1 4 1 02AP/AJ/ASJ/AZ - 60 

Iirac RAS Access Time 

60ns 

tAA Column Address 
Access Time 

30ns 

kAC CS Access Time 

20ns 

tR C Cycle Time 

110ns 

t$ c Static Column 
Mode Cycle Time 

35ns 


• Single power supply of 5V±10% 
with a built-in Vnu generator 

PIN NAMES 


-5“ 

o 

> 

o 

Address Inputs 

WRITE 

Read/Write Input 

RAS 

Row Address Strobe 

Vcc 

Power ( + 5V) 

Din 

Data In 

Vss 

Ground 

Dout 

Data Out 

N.C. 

No Connection 

CS 

Chip Select Input 




PIN CONNECTION (TOP VIEW) 


0, N C 

WrTTH. 

RS5C. 

A10[ - 
A0[ ! 


A2 9 

A3q; 

Vcc 


18 ]V SS DujU 

17JD 0 ut WRiTEG 


d9 


16 ]C§ 
15 ]A9 
14]A8 
1 3 ]A7 


A6 

!pA5 


RA50 

N.c.r 

A10! 

A0[ 
A1[ 
A 2[ 
A3t 
Vcct 


26 3v ss 

24 ]§?"' 
23 ]N.C. 
22 ]A9 

18 ]A8 
17 ]A7 
16 JA6 
15 ] A5 
14 ]A4 


A9 

Dour 

Din 

Ra5| 

N.C. 

A0 


• Low Power 

660mW MAX. Operating 

(TC5 1 4 1 02 AP/AJ/AS J/AZ - 60) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capability 

• Read -Modify-Write, CS before RAS refresh, 
RAS-only refresh, Hidden refresh, Static 
Column Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1,024 refresh cycles/16ms 

• Package TC514102AP : DIP1S-P-300E 

TC514102AJ : SOJ26-P-350 

TC5141Q2ASJ : SOJ26-P-300A 
TC514102AZ : ZIP20-P-400A 

BLOCK DIAGRAM 


WRITE 

cs 




NO. 2 CLOCK 
GENERATOR 


DATA IN 
BUFFER 


A0 CM- 
A1 &+■ 
A2 O-*- 


,i_] 

[2" 

C5 

A3 CM- 

A4 O-*- 


3_] 

nr; 

Vss 

A5 O-*- 


5. J 

[6*' 

WRITE 

A6 O*- 


7_J 

[8" 

aio 

A7 Cm- 


SLJ 

[ic[ 

N.C. 

A8 CM- 


fjj 

[12 

A1 

A9 CM- 


33] 

33] 

[l4* 

M6 

A3 

A4 

A10 CM- 


33] 

33] 

[i¥ 

[20* 

A6 

A8 

RA5 


COLUMN 
ADDRESS 
BUFFERS (1 1) 


REFRESH 

CONTROLLER 


DATA OUT 
BUFFER 


REFRESH 
COUNTER (10) 




ROW 
ADDRESS 
BUFFERS (11) 


NO.1 CLOCK 
GENERATOR 


a 


»i=a 


COLUMN 

DECODER 




§§ 


MEMORY 

ARRAY 


UO D| N 


-O Dqut 


SENSE AMP. 
I/O GATING 




SUBSTRATE BIAS 
GENERATOR 


, V CC 

1 V SS 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,n 

- 1-7 

V 

1 

Output Voltage 


- 1-7 

V 

1 

Power Supply Voltage 

V C C 

- 1-7 

V 

1 

Operating Temperature 

Topr 

0-70 

°C 

1 

Storage Temperature 

t $tg 

-55-150 

°C 

1 

Soldering Temperature • Time 

t solder 

260-10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

Iout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

■OH 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

warn 

VlL 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (V C c = 5V ± 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS, Address Cycling: tRc = tRc MIN.) 

TC5 1 4 1 02AP/AJ/ASJ/AZ-60 

- 

120 

mA 

3,4 

5 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 

(ra5=S=v,„) 

- 

2 

mA 


ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RA§ Cycling, CS = V, H : t R c = t R c MIN.) 

TC5 1 41 02AP/AJ/ASJ/AZ-60 

- 

120 

mA 

3,5 

*CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 

Mode (RAS = CS = VIL, Address Cycling: tSC = tSC 
MIN.) 

TC5 1 4 1 0 2 AP/AJ/AS J/AZ-60 

** 

85 

mA 

3,4 

5 

'CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CS = V C c- 0.2 V) 

“ 

1 

mA 


•CC6 

CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, C!> Before RAS 

Mode (RAS, CS Cycling: t R c = tRc MIN.) 

TC5 1 4 1 02 AP/AJ/AS J/AZ-60 

- 

120 

| 

mA 

3,5 

>1 (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0V£V| H S6.5V, All Other Pins Not Under Test = 0V) 

-10 

10 

pA 


>0 (L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, 0V^V OUT S + 5.5V) 

-10 

10 

pA 


VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (l 0UT = -5mA) 

2.4 

- 

V 


Vql 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V C c = 5V±10%, Ta = 0~70°c)(Notes6, 7, 8) 


SYMBOL 

PARAMETER 

TC5 1 4 1 02AP/AJ/ASJ/AZ-60 

UNIT 

NOTES 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

110 

- 

El 


HI 

Read-Modify-Write Cycle Time 

135 

- 

El 


mm 

Static Column Mode Cycle Time 

35 

- 

El 


t$RMW 

Static Column Mode Read-Modify- 
Write Cycle Time 

60 

- 

ns 


*RAC 

Access Time from RAS 

- 

60 

ns 

9, 14 

15 

*CAC 

Access Time from CS 

- 

20 

■9 


*AA 

Access Time from Column Address ' 

- 

30 

D 


*ALW 

Access Time from Last Write 

- 

55 

El 

EI9 

tCLZ 

CS to Output in Low-Z 

0 

- 

ns 

9 

*OFF 

Output Buffer Turn-Off Delay 

0 

20 

ns 

10 

tAOH 

Output Data Hold Time from Column 
Address 

5 

- 

ns 


tow 

Output Data Enable Time from WRITE 

- 

20 

ns 


twOH 

Output Data Hold Time from WRITE 

0 

- 

ns 


t T 

Transition Time (Rise and Fall) 

3 

50 

E9 

8 

tRP 

RAS Precharge Time 

40 

- 

m 


tRAS 

RAS Pulse Width 

60 

10,000 

ns 


tRASC 

RAS Pulse Width (Static Column Mode) 

60 

200,000 

ns 


*R$H 

CS to RAS Hold Time 

20 

- 

ns 



RAS to (IS Hold Time 

60 

- 

■9 


tcs 

CS Pulse Width 

20 

10,000 

ns 




20 


E9 


| 

RAS to £5 Delay Time 

20 

40 

ns 

14 

EH 

RAS to Column Address Delay Time 

15 

30 

■9 


tCRP 

CS to RAS Precharge Time 

5 

- 

ns 


*CP 

CS Precharge Time 
(Static Column Mode) 

10 

- 

ns 




0 

- 

ns 

mm 

tRAH 


10 

- 

m 

■9 

tASC 


0 

- 



tCAH 


15 

- 

EB 



A-234 
































TC51 41 02AP/AJ/ASJ/A2-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC5 1 4 1 02 AP/AJ/ASJ/AZ-60 

UNITS 

NOTES 

MIN. 

MAX. 

tAR 

Column Address Hold Time referenced 
to RA5 (READ CYCLE) 

70 

- 

ns 


tRAL 

Column Address to RAS Lead Time 

30 

- 

ns 


tAH 

Column Address Hold Time referenced 

to RAS Rise 

5 

- 

ns 

17 

tCWL 

Write Command to CS Lead Time 

20 

- 

ns 


tlWAD 

Last Write to Column Address Delay 

Time 

20 

25 

ns 

16 

*AHLW 

Last Write to Column Address Hold 

Time 

55 

- 

ns 


tRCS 

Read Command Set-up Time 

referenced to CS 

0 

- 

ns 


tRCH 

Read Command Hold Time referenced 

to CS 

0 

- 

ns 

11 

tRRH 

Read Command Hold Time referenced 

to RAS 

0 

- 

ns 

11 

%CH 

Write Command Hold Time 

10 

- 

ns 

13 

twp 

Write Command Pulse Width 

10 

- 

ns 


twi 

Write Command Inactive Time , 

10 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

20 

- 

ns 


tos 

Data-In Set-Up Time 

0 

- 

ns 

12 

tDH 

Data-In Hold Time 

15 

- 

ns 

12 

tREF 

Refresh Period 

- 

16 

ms 


twcs 

Write Command Set-UP Time 

0 

- 

ns 

13 

tCWD 

CS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

20 

- 

ns 

13 

*RWD 

RAS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

60 

- 

ns 

13 

*AWD 

Column Address to WRITE Delay Time 

30 

- 

ns 

13 

kSR 

C5 Set-Up Time (CS before RAS) 

5 

- 

ns 


tCHR 

<!S Hold Time (CS before RAS) 

15 

- 

ns 


tRPC 

RAS Precharge to C5 Active Time 

0 

- 

ns 


tCPT 

CS Precharge Time 

(CS before RAS Counter Test) 

30 

- 

ns 
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TC51 41 02AP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC5141 02 AP/AJ/ASJ/AZ-60 

UNIT 

NOTES 

MIN. 

MAX. 

tWTS 

Write Command Set-Up Time 

10 

- 

ns 


twTH 

Write Command Hold Time 

10 

- 

ns 


tWRP 

WRITE to RA§ Precharge Time 

10 

- 

ns 


twRH 

WRITE to RA5 Hold Time 

10 

- 

ns 
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TC51 41 02AP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS IN THE 
TEST MODE (Vcc = 5V ± 1 0%, Ta = 0~70°C) (Note6, 7, 8) 


SYMBOL 

PARAMETER 

TC5 1 4 1 02AP/AJ/ASJ/AZ-60 



MIN. 

MAX. 

*RC 

Random Read or Write Cycle Time 

115 

- 

wm 


tsc 

Static Column Mode Cycle Time 

40 

- 

■a 


tRAC 

Access Time from RA$ 


65 



tCAC 

Access Time from CS 

- 

25 

s 


*AA 

Access Time from Column Address 

- 

35 

■a 

9,15 

tRAS 

RAS Pulse Width 

65 

10,000 

m 


tRASC 

RAS Pulse Width (Static Column Mode) 

75 

20,000 

m 


tRSH 

HAS Hold Time 

25 

- 

m 


kSH 

C5 Hold Time 

65 

- 

m 


tcs 

CS Pulse Width 

25 

10,000 

■a 


tcsc 

C? Pulse Width (Static Column Mode) 

25 

20,000 

o 


tRAL 

Column Address to RAS Lead Time 

35 

- 

J2Lj 



CAPACITANCE (V C c = 5V ± 1 0%, f = 1MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (AQ~A1Q, Din) 

- 

■S 

pF 

C| 2 

Input Capacitance (RAS, C?, WRITE) 

- 


PF 

Co 

Output Capacitance (Dqut) 

- 


pF 
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TC51 41 02AP/AJ/ASJ/AZ-60 


NOTES: 


1 . 

2 . 

3. 

4. 

5. 

6 . 


7. 

8 . 


10 . 


11 . 


12 . 

13. 


14. 


15. 


16. 


17. 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

All voltages are referenced to V$s. 

ICC1> ICC3> ICC4> ICC6 depend on cycle rate. 

Icci> ICC4 depend on output loading. Specified values are obtained with the output open. 

Column address can be changed once or less While RAS = Vil. 

An initial pause of 200ps is required after power-up followed by any 8 RAS only refresh cycles 
before proper device operation is achieved. In case of using internal refresh counter, a minimum 
of 8 C5 Before RAS refresh cycles instead of 8 RAS only refreh cycles are required. 

AC measurements assume tT = 5ns. 

VlH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

Measured with a load equivalent to 2 TTL loads and lOOpF. 

tQFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

Either tRCH or tRRH must be satisfied for a read cycle. 

These parameters are referenced to CS leading edge in early write cycles and to WRITE leading 
edge in read-write cycles. 

twcs> tRWD> tcwD, and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twCS= twcs (min.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tRWD= tRwi) (min.), tcwD^ tcwD (min.), and tAWD — tAWD (min.), the cycle is a read-write cycle and 
the data out will contain data read from the selected cell: If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

Operation within the tRCD (min.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled exclusively by tAA- 

Operation within the tLWAD(max.) limit insures that tALW(max.) can be met. 

tLWAD(max.) is specified as a reference point only: If tLWAD is greater than the specified 
tLWADCmax.) limit, then access time is controlled exclusively by tAA* 

tAH is the condition to latch column address when RAS has rised up. 
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READ -MODIFY -WRITE CYCLE 


tRMW 


J 
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TC51 41 02AP/AJ/ASJ/AZ-60 

K55 ONLY REFRESH CYCLE 


I 








TC51 41 02AP/AJ/ASJ/AZ-60 


HIDDEN REFRESH CYCLE (READ) 
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TC51 41 02AP/AJ/ASJ/AZ-60 


TEST MODE 

The TC514102AP/AJ/ASJ/AZ is The RAM organized 4,194,304words by 1 bit, it is internally organized 
524,288 words by 8 bits. In “Test Mode", data are written into 8 sectors in parallel and retrieved the same 
way. A10R, A10C and AOC are not used. If, upon reading, all bits are equal (all “l”s or“ 0”s), the data output 
pin indicates a T “shows the block diagram of TC514102AP/AJ/ASJ/AZ. In“Test Mode”, the 4M DRAM can be 
tested as if it were a 512K DRAM. 

“WRITE , C3 Before RAS Refresh Cycle” puts the device “Test Mode”. And ”CS Before RAS Refresh Cycle 
“or” RAS Only Refresh Cycle”puts it back into “Normal Mode”.In the Test Mode, “WRITE. CS Before RAS 
Refresh Cycle” performs the refresh operation with the internal refresh address counter. The ‘Test Mode” 
functiom reduces test times(l/8 in case of N test pattern). 
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TC51 41 02AP/AJ/ASJ/AZ-60 


BLOCK DIAGRAM IN THE TEST MODE 


v n cc 

A10R, A10C, AOC | 



Fig. 1 
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4,194,304 WORD x 1 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514102AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514102AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514102AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky T^L. 


FEATURES 


• 4,194,304 word by lbit organization 

• Fast access time and cycle time 



TC5 1 4 1 02AP/AJ/AS J/AZ - 70/ - 80/ - 1 0 | 

tRAC RA5' Access Time 

70ns 

80ns 

100ns 

tAA Column Address 
Access Time 

35ns 

40ns 

50ns 

t C AC CS Access Time 

20ns 

20ns 

25ns 

t R c Cycle Time 

130ns 

150ns 

180ns 

t$c Static Column 
Mode Cycle Time 

40ns 

45ns 

55ns 


• Single power supply of 5V ± 10% 
with a built-in Vbb generator 

PIN NAMES 


40-A10 

Address Inputs 

WRITS 

Read/Write Input 

ra5 

Row Address Strobe 

Vcc 

Power ( + 5V) 

Din 

Data In 

V S S 

Ground 

Dout 

Data Out 

N.C. 

No Connection 

C? 

Chip Select Input 




• Low Power 

550mW MAX. Operating 

(TC5 141 02 AP/A J/AS J/AZ - 70) 
468mW MAX. Operating 

(TC 51410 2 AP/A J /AS J /AZ - 80) 
413mW MAX. Operating 

(TC5 14102 AP/AJ/AS J/AZ - 10) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two- 
dimensional chip selection 

• Common I/O capability 

• Read-Modify-Write, C5 before RAS refresh, 
RAS-only refresh, Hidden refresh, Static 
Column Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1,024 refresh cycles/16ms 

• Package TC514102AP : DEP18-P-300E 

TC514102AJ : SOJ26-P-350 

TC514102ASJ : SOJ26-P-300A 
TC514102AZ : ZIP20-P-400A 

BLOCK DIAGRAM 


PIN CONNECTION (TOP VIEW) 



JLJ 

31 ] 

£j 

31] 

3LJ 

Jj] 

33 ] 

33] 

33] 

33 ] 


<3 

V$S 

WSiTE 

A10 

N.C. 

A1 

A3 

A4 

A6 

A8 


WRITE 
*5 o 


A0 <>► 
A1 O-*- 
A2 CH~ 
A3 Oh- 
A4 0 +- 
A5 &+- 
A6 O-— 
A7 O*- 
A8 O-*- 
A9 O-— 
A10 O— 


NO.2 CLOCK 
GENERATOR 


COLUMN 
ADDRESS 
BUFFERS {1 1) 


A 


ROW 
ADDRESS 
BUFFERS (11) 


NO.1 CLOCK 
GENERATOR 


REFRESH 

CONTROLLER 


REFRESH 
COUNTER (10) 


a 




-1^ 


DATA iN 
BUFFER 


Uo D| N 


DATA OUT 
BUFFER 


p-Q D 0 ut 


COLUMN 

DECODER 


SENSE AMP. 
I/O GATING 


3 


MEMORY 

ARRAY 


r 


SUBSTRATE BIAS 
GENERATOR 


> V CC 
1 V SS 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V|N 

- 1—7 

V 

1 

Output Voltage 

V 0UT 

-1-7 

V 

1 

Power Supply Voltage 

v C c 

-1-7 

V 

1 

Operating Temperature 

t opr 

0-70 

•c 

1 

Storage Temperature 

t stg 

-55-150 

•c 

1 

Soldering Temperature • Time 

t soider 

260-10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

■out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V, H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V, L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, <!?, Address Cycling: t R c = t R c MIN.) 

TC5 1 4 1 02 AP/AJ/AS J/AZ-70 

- 

100 

mA 

3,4 

5 


- 

85 

TC5 14102 AP/AJ/AS J/AZ* 10 

- 

75 

«CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(Ra5=C5=V,„) 

■ 

2 

mA 

■ 

'CC3 

Ea5 ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(EA5 Cycling, C? = V, H : t RC = t RC MIN.) 

TC514102AP/AJ/ASJ/AZ-70 

- 



n 

TC5 1 4 1 02AP/AJ/ASJ/AZ-80 

- 

85 

TC514102AP/AJ/ASJ/AZ-10 

- 


>CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 

Mode (RA?=t5=:VIL, Address Cycling: t$C = tSC 
MIN.) 

TC514102AP/AJ/ASJ/AZ-70 

- 

75 


H 

TC5 1 4 1 02 AP/AJ/AS J/AZ-80 

- 


TC5 1 4 1 02 AP/AJ/ASJ/AZ* 1 0 

- 


>CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(ra 5=£S= V cc -0.2 V) 

■ 

1 

mA 

■ 

>CC6 

£? BEFORE TC55 REFRESH CURRENT 

Average Power Supply Current, Before RAS 

Mode (RA5, £5 Cycling: t RC = t RC MIN.) 

TC5 1 4 1 02 AP/AJ/ASJ/AZ-70 

- 

100 

mA 

H 

TC5 1 4 1 02 AP/AJ/ASJ/AZ-80 

- 

85 

TC514102AP/AJ/ASJ/AZ-10 

- 

75 

'kd 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V£ V| H S6.5V, All Other Pins Not Under Test = 0V) 

-10 



■ 

'O(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, OVSVout* + 5.5V) 

-10 

10 

pA 

■ 

V OH 

OUTPUT LEVEL 

Output "H* Level Voltage (Iout= -5mA) 

D 

■ 

n 

■ 

VOL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iout= 4.2mA) 

■ 

□ 

V 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V cc = 5V + 10%, Ta = 0~70°c)(Notes 6, 7, 8) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC514102AP/ 

AJ/ASJ/AZ-70 

TC514102AP/ 

AJ/ASJ/AZ-80 

TC514102AP/ 
AJ/ASJ/AZ-1 0 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twTS 

Write Command Set-Up Time 

10 

- 

10 


10 

- 

K9 


twTH 

Write Command Hold Time 

10 

- 

10 

- 

10 

- 

■a 


twRP 

WM to RA$ Precharge Time 

10 

- 

10 

- 

10 

- 

m 


twRH 


10 

- 

10 

- 

10 

- 

m 
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TC51 41 02AP/AJ/AS J/AZ-70, TC51 41 02AP/AJ/ASJ/AZ-80 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS IN THE 
TEST MODE (Vcc = 5V + 10%, Ta = 0~70°C) (Note6, 7, 8) 


SYMBOL 

PARAMETER 

. . 

TC514102AP/ 

AJ/ASJ/AZ-70 

TC514102AP/ 

AJ/ASJ/AZ-80 

TC514102AP/ 

AJ/ASJ/AZ-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

*RC 

Random Read or Write Cycle Time 

mm 

- 

155 

- 

wm 

- 

O 


tRMW 

Read-Modi fy-Write Cycle Time 

mm 

- 

m9 

- 

KOI 

- 

n 


tsc 

Static Column Mode Cycle Time 

mm 

- 

mm 

- 

El 

- 

ra 


tSRMW 

Static Column Mode Read-Modify-Write 
Cycle Time 

75 

Bf 

85 

- 

105 

- 

ns 


tRAC 

Access Time from RAS 

- 

75 

- 

85 

- 

105 

ns 

9,14 

15 

*CAC 

Access Time from £5 

- 

25 

- 

25 

- 

30 

EM 

mm 

*AA 

Access Time from Column Address 

- 

40 

- 

45 

- 

55 

EM 

9,15 

Ulw 

Access Time from Last Write 

- 

70 

- 

80 

- 

100 

5 

9,16 

tRAS 

RAS Pulse Width 

mm 

10,000 

mm 

10,000 

mm 

10,000 

D 


*RASC 

^A5 Pulse Width (Static Column Mode) 

mm 

20,000 

El 

20,000 

mm 

20,000 

Eg 


tRSH 

RA? Hold Time 

■a 

- 

El 

- . 

KB 

- 

£5 


tCSH 

£5 Hold Time 

mm 

- 

KM 

] 

■a 

- 

Eg 


tcs 

£5 Pulse Width 

■B 

10,000 

mm 

10,000 

mm 

10,000 

EM 


tcsc 

£5 Pulse Width (Static Column Mode) 

mm 

20,000 

El 

20,000 

KB 

20,000 

El 


*RAl 

Column Address to Ra§ Lead Time 

mm 

- 

KB 

- 

El 

' - 

El 


tcWD 

& to WRITS Delay Time 

mm 

- 

mm 

- 

KB 

- 

S3 


*RWD 

RA5 to WRIT'S Delay Time 

mn 

- 

KB 

- 

BUM 

- 

o 


tAWO 

Column Address to WRIT? Delay Time 

■a 

- 

KB 

- 

El 

- 

m 



CAPACITANCE (V cc = 5V ± 10%, f = 1 MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

c„ 

Input Capacitance (A0— A 10, D iN ) 

- 

5 

pF 

C.2 

Input Capacitance (RAS, £5, WRITS) 

- 

7 

PF 

Co 

Output Capacitance (Dout) 

- 

7 

PF 


i 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss* 

3. Icci> IcC3» ICC4» ICC6 depend on cycle rate. 

4. led. IcC4 depend on output loading. Specified values are obtained 'With the output open. 

5. Column address can be changed once or less While RAS = Vil and Vih- 

6. An initial pause of 200ps is required after power-up followed by any 8 RAS only refresh cycles 
before proper device operation is achieved. In case of using internal refresh counter, a minimum 
of 8 US Before RAS refresh cycles instead of 8 RAS only refreh cycles are required. 

7. AC measurements assume tT = 5ns. 

8. Vih (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) defines the time at which the output achieves the open, circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to US leading edge in early write cycles and to WRITE leading 
edge in read-write cycles. 

13. twcs. tRWDi tcwD, and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tv/CS^ tv/CS (min.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tRWD^ tRWD (min.), tcwo^ tcwD (min.), and tAWD*= tAWD (min.), the cycle is a read-write cycle and 
the data out will contain data read from the selected cell: If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (min.) limit insures that tRAC (max.) can be met. 

tRCD(max.)is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled exclusively by tAA* 

16. Operation within the tLWAD(max.) limit insures that tALW(max.) can be met. 

tLWAD(max.) is specified as a reference point only: If t^WAD is greater than the specified 
tLWAD(max.) limit, then access time is controlled exclusively by tAA. 

17. tA II is the condition to latch column address when RA$ has rised up. 
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TC51 41 02AP/AJ/ASJ/AZ-70, TC51 41 02AP/AJ/ASJ/AZ-80 

TC51 41 02AP/AJ/ASJ/AZ-1 0 


TIMING WAVEFORMS 


READ CYCLE 



WRITE CYCLE (EARLY WRITE) 
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TC51 41 02AP/AJ/ASJ/AZ-70, TC51 41 02AP/AJ/ASJ/AZ-80 
TC51 41 02AP/AJ/ASJ/AZ-1 0 


READ - MODIFY - WRITE CYCLE 


L 


tRMW 






TC51 41 02AP/AJ/ASJ/AZ-70, TC51 41 02AP/AJ/ASJ/AZ-80 

TC51 41 02AP/AJ/ASJ/AZ-1 0 



TC5141 02AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 
TC51 41 02AP/AJ/ASJ/AZ-1 0 





TC51 41 02AP/AJ/ASJ/AZ-70, TC51 41 02AP/AJ/ASJ/AZ-80 

TC51 41 02AP/AJ/ASJ/AZ-1 0 


STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE 






TC51 41 02AP/AJ/ASJ/AZ-70, TC51 41 02AP/AJ/ASJ/AZ-80 
TC51 41 02AP/AJ/ASJ/AZ-1 0 











TC51 41 02AP/AJ/ASJ/AZ-70, TC51 41 02AP/AJ/ASJ/AZ-80 

TC51 41 02AP/AJ/ASJ/AZ-1 0 
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TC51 41 02AP/AJ/ASJ/AZ-70, TC51 41 02AP/AJ/ASJ/AZ-80 
TC51 41 02AP/AJ/ASJ/AZ-1 0 


HIDDEN REFRESH CYCLE (WRITE! 





TC51 41 02AP/AJ/ASJ/AZ-70, TC51 41 02AP/AJ/ASJ/AZ-80 

TC51 41 02AP/AJ/ASJ/AZ-1 0 











TC51 41 02AP/AJ/AS J/AZ-70, TC51 41 02AP/AJ/AS J/AZ-80 
TC51 41 02AP/AJ/ASJ/AZ-1 0 


V RITE!. gg BEFORE Mg REFRESH CYCLE 


<RC 








TC51 41 02AP/AJ/ASJ/AZ-70, TC51 41 02AP/AJ/ASJ/AZ-80 

TC51 41 02AP/AJ/ASJ/AZ-1 0 


TEST MOPE 

The TC514102AP/AJ/ASJ/AZ is The RAM organized 4,194,304words by 1 bit, it is internally organized 
524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and retrieved the same 
way. A10R, A10C and AOC are not used. If, upon reading, all bits are equal (all “l”s or“ 0”s), the data output 
pin indicates a ‘T’shows the block diagram of TC514102AP/AJ/ASJ/AZ. In'Test Mode”, the 4M DRAM can be 
tested as if it were a 5I2K DRAM. 

“WRITE , US Before RAS Refresh Cycle” puts the device 'Test Mode”. And ”US Before HAS Refresh Cycle 
“or” RAS Only Refresh Cycle"puts it back into “Normal Mode’Mn the Test Mode, “WRITE. US Before RAS 
Refresh Cycle” performs the refresh operation with the internal refresh address counter. The ‘Test Mode” 
functiom reduces test times(l/8 in case of N test pattern). 




TC51 41 02AP/AJ/ASJ/AZ-70, TC51 41 02AP/AJ/ASJ/AZ-80 
TC51 41 02AP/AJ/ASJ/AZ-1 0 
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1 ,048,576 WORD x 4 BIT DYNAMIC RAM * r^^g a d vance d information and specifications 
DESCRIPTION are su ^ ect t0 c ^ an S e without notice. 

The TC514400J/Z is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514400J/Z utilizes TOSHIBA* s CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514400J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro- 
vides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power supply 
of 5V±10% tolerance, direct interfacing capability with high performance logic families 
such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 

[ ~~ 1 TC514400 J/Z-80/-10' I 


t RAC 

RAS Access Time 

80ns 

100ns 

C AA 

Column Address 
Access Time 

40ns 

50ns 

t CAC 

CAS Access Time 

20ns 

25ns 

tRC 

Cycle Time 

150ns 

180ns 

£ PC 

Fast Page Mode 
Cycle Time 

50ns 

60ns 

Single power supply of 5V±10% 

with a 


built-in Vgg generator 
PIN CONNECTION (TOP VIEW) 


Plastic SOJ 


i/o id 

|F= 

26 

3 v ss 

OE r j 

1/02 [ 

2 

25 

] 1/04 

1/03 3 ] 

WRITE [ 
RAS [ 
A9[ 

3 

4 

5 

24 

23 

22 

11/03 

3 sir 

v ss 

3/02 7.1 
Has a] 

AO [ 

9 

18 

]A8 

A0 EG 

Al£ 

10 

17 

] A7 

A2 id! 

A2[ 

11 

16 

] A6 

V CC 33 

A3 [ 

12 

15 

3 A5 

A5 17j 

VccC 

13 

14 

3 A4 

A7 19] 


Plastic ZIP 


LA X/04 

Ejj V'oi 

[£ WRITE 
DLQ A9 

Sa ai 

CS A3 
&6 A4 
A6 
0?) A8 


PIN NAMES 

AO A9 Address Inputs 

RAS How Address Strobe 

CAS Column Address Strobe 

WRITE Read/Write Input 

OE Output Enable 

1/01^1/04 Data Input/Output 

VCC Power (4-5V) ___ 

V SS Ground 


Low Power 

578mW MAX. Operating (TC514400J/Z-80) 
495mW MAX. Operating (TC514400J/Z-10) 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows two- 
dimensional chip selection 
Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh and 
Fast Page Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/16ms 
Package Plastic SOJ: TC514400J 
Plastic ZIP: TC514400Z 


BLOCK DIAGRAM 


• / v A. 


















TC5 1 4400 J/Z-80 
TC51 4400J/Z— 1 0 


ABSOLUTE MAXIMUM RATINGS 



RECOMMENDED DC OPERATING CONDITIONS (Ta»<K 70°C) 



DC ELECTRICAL CHARACTERISTICS (V CC -5V±10X, Ta-O'WO'C) 
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TC51 4400J/Z— 80 
TC51 4400J/Z— 1 0 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V C c=5V±10%, Ta-0 •v 70°C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

C RC 

Random Read or Write Cycle Time 

C RMW 

Read-Modify-Write Cycle Time 

C PC 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify-Write Cycle 
Time 

*-RAC 

Access Time from RAS 

*-CAC 

Access Time from CAS 

t AA 

Access Time from Column Address 

£ cpa 

Access Time from CAS Precharge 

t CL2 

CAS to Output in Low-Z 

t 0FF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

rt 

IS 

RAS Precharge Time 

C RAS 

RAS" Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

t RSH 

RAS Hold Time 

t CSH 

CAS Hold Time 

C RHCP 

CAS Precharge to RAS Hold Time 




CAS Pulse Width 


RAS to CAS Delay Time 


RAS to Column Address Delay Time 


CAS to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 

Column Address Hold Time referenced to 

RAS 

Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 
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TC51 4400J/Z-80 
TC51 4400J/Z-1 0 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 




TC514400J/ 

Z-80 


TC514400J/ 

Z-10 UNITS NOTES 



i 


t RRH Read Command Hold Time referenced to RAS 


tycH Write Command Hold Time 


tyCR Write Command Hold Time referenced to RAS 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


Data Set-Up Time 


Data Hold Time 

Data Hold Time referenced to RAS 


Refresh Period 


Write Command Set-Up Time 


t CWD CX3 to WRITE Delay Time 


t RWD RAS to WRITE Delay Time 


C AWD jColumn Address to WRITE Delay Time 


CAS Precharge to WRITE Delay Time 
(Fast Page Mode) 


CAS Set-Up Time (CAS before RAS Cycle) 


CAS Hold Time (CAS before RAS Cycle) 


t RPC RAS to CAS Precharge Time 


: CPT C AS P rechar ge Ti me 

(CAS before RaS Counter Test Cycle) 


RAS Hold Time referenced to UE 


OE Access Time 


(5E to Data Delay 


Output Buffer Turn Off Delay Time from OE 


OE Command Hold Time 


Write Command Set-Up Time (Test Mode In) 


Write Command Hold Time (Test Mode In) 


W RIT E to RAS Precharge Time 
(CAS before RAS Cycle) 


WRITE to RAS Hold Time 
(CAS before RAS Cycle) 
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TC51 4400J/Z— 80 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 


SYMBOL 

PARAMETER 

TC514400J/Z 

-80 

TC514400J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

c RC 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

55 

- 

•65 

- 

E!1 


tRAC 

Access Time from RAS 

- 

85 

- 

105 


9,14,15 

c CAC 

Access Time from CAS 

- 

25 

- 

30 

ns 

9,14 

C AA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

9,15 

c CPA 

Access Time from CAS Precharge 

- 

50 

- 

60 

ns 

9 

C RAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


C RASP 

RAS Pulse Width(Fast Page Mode) 





ns 


t RSH 

RAS Hold Time 

25 

- 

' 30 

- 

ns 


tCSH 

CAS Hold Time 

85 

- 

105 

- 

ns 


t RHCP 

CAS Precharge to RAS Hold Time 

50 

- 

60 

- 

ns 


t CA$ 

CAS Pulse Width 

25 

10,000 

30 

10,000 

ns 


tRAL 

Column Address to RAS Lead Time 

45 

- 

55 

- 

ns 



CAPACITANCE (V CC -5V±10%, f=lMHz, Ta=0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

cn 

Input Capacitance (AQ~A9) 

- 

5 

pF 

M ■ 

Input Capacitance (RAS, CAS, WRITE, OE) 

- 

7 

P F 

mm 

Output Capacitance (I/01~I/04) 

- 

7 

pF 


































































TC51 4400J/Z-80 
TC514400J/Z-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device, 

2. All voltages are referenced to Vgs* 

3. I CC1» *003 > *CC4» I CC6 depend on cycle rate, 

4. I ccl , I CC4 depend on output loading. Specified values atfe obtained with the 
output open. 

5. Column address can be changed once or less while RAS=V jl and CAS*Vjjj. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only 
refresh cycles before proper device operation is ac hieve d. In case of using 
inter nal refresh counter, a minimum of 8 CAS before RAS refresh cycles instead 
of 8 RAS only refresh cycles are required. 

7. AC measurements assume tx^Sns. 

8. V IH (min.) and V IL (max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between and Vj^. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. tQ FF (max.) and tQ EZ (max.) define the time at which the output achieves the open 
circuit condition and are not referenced %o output voltage levels. 

11. Either t RCH or t RRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-mod if y-wr it e cycles. 

13. tycs> C RWD» tCWD» fc AWD an< * tCPWD are not restrictive operating parameters. They 
are included in the data sheet as electrical characteristics only. If twcS-^WCS 
(min.) the cycle is an early write cycle and data out pin will remain open circuit 
(high impedance) through the entire cycle; If t R yo £ t R yo (min.), tcwD » t CWD (min.), 
tAWD^tAWD (min*) and tcpwo & t^p^D (min.) (Fast Page Mode), the cycle is a read- 
modify-write cycle and data out will contain data read from the selected cell: 

If neither of the above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 

14. Operation within the t R Q D (max.) limit insures that tr^ (max. ) can be met. 
t R cD(max.) is specified as a reference point only: I? t R Q> is greater than the 
specified t R cD(max.) limit, then access time is controlled by t c^c* 

15. Operation within the t RA j ) (max. ) limit insures that t^^max.) can be met. 
t RAD^ m ax. ) is specified as a reference point only: If tj^ is greater than 
the specified tj^j^max.) limit, then access time is controlled by t^. 
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TG5 1 4400 J/Z— 80 
TC51 4400J/Z— 1 0 


WRITE CYCLE (SE CONTROLLED WRITE) 


RaS 


ca§ 


write 


1 / 01 - 1/04 


READ-MODIFY-WRITE CYCLE 


: "H" or "L" 
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TC514400J/Z-80 
TC51 4400J/Z— 1 0 


FAST PAGE 

Ka3 

TiaS 

AQ-A9 

WHITE 

OE" 

2/01-1/04 

FAST PAGE 

ra3 


WRITE 

OE 

I/O 1-1/04 


MODE READ CYCLE 



VlH- 

VlL- 




t GRP 


SR 


t RASP 




^RCD 


t CSH 


t RAH 


lt ASCi 


7 ^ADD. ^/^ADDi 


Ks 


■tCAS 


t CAH 


OLUMN 

DRESS 


VlL- 

VlH- 

VlL" 

VlH- 

Vil- 


■ jimmmK - 




*£C L 


fASC 


IMS 


t CWL 


t CAH 


COLUMN ' 
“DRESS 2 


^ASC 


■s 


IffiQgJ 


^WCH 

t WP 




^CAH 


COLUMN 
DDRESS N. 


t CWL 




%CH 


t WP 




i n t cp, - — ■ H ticsd 

tcAs t ? As .j/yT 

1 , ^RAL I 


^RSH 


t RP 


■mum. 


c CWL 


t RWL 


^WClj 


t WP 


MMMM 


| ^OEH 

W“ 

H t oEHj 

jdhJ 


, I t OEH 

w 


tz mmssm 


t DHR 


pea 








VALID 
)ATA-IN 2, 




^DH 
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TG5 1 4400 J/Z-80 
TG51 4400J/Z— 1 0 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TC51 4400J/Z-80 
TC51 4400J/Z— 1 0 


RAS ONLY REFRESH CYCLE 



Note: WRITE, OE-"H" or "L" Y/A : "H" or "L" 

CAS BEFORE RAS - REFRESH CYCLE 



Note: OE, AO ^ A9-"H" or "L" 
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TC51 4400J/Z-80 
TC51 4400J/Z-1 0 


HIDDEN REFRESH CYCLE (READ) 
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TC51 4400J/Z-80 
TC51 4400J/Z— 1 0 












TC51 4400J/Z-80 
TC514400J/Z-10 


CAS before ras refresh counter test cycle 











TC51 4400J/Z-80 
TC51 4400J/Z— 1 0 









TC514400J/Z-80 
TC51 4400J/Z— 1 0 


















WRITE 


OE 


I/O 1-1/04 









TC51 4400J/Z— 80 
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TEST MODE 

The TC514400J/Z is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same Way. Aoc is not used. If, upon reading, two bits 
on one I/O pin are equal (all "l"s or "0"s) , the I/O pin indicates a "1". 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block 
diagram of TC514400J/Z. In "Test Mode", the 1M x 4 DRAM can be tested as if it 
were a 512K x 4 DRAM. 

"WRITE, CAS" Before RAS Refresh Cycle puts the device into "Test Mode". And 
"CA§ Before RAS Refresh. Cycle" or "RAS Only Refresh Cycle" puts it back into "Normal 
Mode". In the Test Mode, "WRITE, CAS Before RAS Refresh Cycle" Performs the refresh 
operation with the internal refresh address counter. The "Test Mode" function re- 
duces test times (1/2 in case of N test pattern). 
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NOTES 



1,048,575 WORD x 4 BIT DYNAMIC RAM 


* This is advanced information and specifications 
are subject to change without notice. 


DESCRIPTION 


The TC514400JL/ZL is the new generation dynamic RAM organized 1,048,576 words by 4 bits. 
The TC514400JL/ZL utilizes TOSHIBA'S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC514400JL/ZL to be packaged in a 
standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The 'package size provides high 
system bit densities and is compatible with widely available automated testing and inser- 
tion equipment. System oriented features include single power supply of 5V±10% tolerance, 
direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 


1,048,576 word by 4 bit organization 
Fast access time and cycle time 



TC 5 1 4 40 0 J \SZlr- 8 (/- 1 0 

c RAC RAS Access Time 

80ns 

100ns 

Column Address 
AA Access Time 

40ns 

50ns 

c CAC CAS Access Time 

20ns 

25ns 

c RC Cycle Time 

150ns 

180ns 

f Fast Page Mode 

Pc Cycle Time 

50ns 

60ns 


Single power supply of 5V±10% with a 
built-in Vgg generator 


Low Power 

578mW MAX. Operating(TC514400JL/ZL-80) 
495mW MAX. Operating (TC514400JL/ZL-10) 

2 . 2mW MAX. Standby 

Outputs unlatched at cycle end allows 
two-dimensional chip selection 
Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh and 
Fast Page Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/128ms 
Package Plastic SOJ: TC51440QJL 
Plastic ZIP: TC514400ZL 


PIN CONNECTION 

Plastic SOJ 

llff 26hv ss 
25 3 1/04 
24 31/03 
23 ]CA S’ 
22 ] ST 


Plastic ZIP 



OE 

1/03 

V S S 

I /Q2 

RAS 

AO 

A2 

V CC 

A5 

A7 


jj 

33 

.13 

i 

P 

17] 

13 


DOB 

03] 

os 

8J0 

m 

[2^1 


PIN NAMES 


A0 %A9 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 



0E 

Output Enable 

I/01-v. I/OA 

Data Input/Output 

Vcc 

Power (+5V) 

Vss 

Ground 


WRITE 

A9 

A1 

A3 

A4 

A6 

A8 


WRITE O- 


CAS C 


£ 


No. 2 CLOCK 
GENERATOR 


AO 
Al 
A2 
A3 
A4 
A5 
A6 
A 7 
A8 
A9 


10, 


X 


COLUMN 
ADDRESS 
BUFFERS (10) 


REFRESH 

CONTROLLER 


I5> 


REFRESH 
COUNTER (10) 


ROW 

ADDRESS 
BUFFERS (10) 

XXX 


10 


N o. 1 CLOCK I — * 
GENERATOR 


OO 

Q 


CI 

1/04 I [ 

DATA IN 

DATA OUT 

[g; 

I/O 1 * 

BUFFERS 

BUFFERS 


CAS 


BLOCK DIGARAM 


v cc v ss 


1/01 1/02 1/03 1/04 
1_1 1 ? 




51 


4 


n 


i ■ j 




>OE 


10 


COLUMN 

DECODER 


1024 


SENSE AMP. 
I/O GATE 

—1024—1 
X 4 




MEMORY 

ARRAY 

1024X 1024X4 


SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 



RECOMMENDED DC OPERATING CONDITIONS (Ta«0*70°C) 



DC ELECTRICAL CHARACTERISTICS (V CC «5V±10%, Ta=0^70°C) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 



PARAMETER 

£ RC 

Random Read or Write Cycle Time 

c R>rW 

Read-Modi fy-Write Cycle Time 

rt 

o 

Fast Page Mode Cycle Time 

tpRMW 

! Fast Page Mode Read-Modify-Write Cycle 
Time 


(V CC *5V±10%, Ta*0~70°C) (Notes 7, 8, 9) 


TC514400JL/ TC514400JL/ 

ZL-80 ZL-10 


MIN. MAX. MIN. MAX. 


UNIT NOTES 


£ CAC 

Access Time from CAS 

t AA 

Access Time from Column Address 

t CPA 

Access Time from CAS Precharge 

l CbZ 

CAS to Output in Low-Z 

c 0FF 

Output Buffer Turn-off Delay 

t X 

Transition Time (Rise and Fall) 

C RP 

RAS Precharge Time 

t RAS 

RAS" Pulse Width 

t RASP 

RAS Pulse Width (Fast Page Mode) 

£ rsh 

RAS Hold Time 

c CSH 

CAS Hold Time 

c RHCP 

CAS Precharge to RAS Hold Time 

c CAS 

CAS Pulse Width 

t RCD 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay Time 

c CRP 

CAS to RAS Precharge Time 

tCP 

CAS Precharge Time 

£ asr 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced to 

C AR 

RAS" 

t RAL 

Column Address to RAS Lead Time 

mm 

Read Command Set-Up Time 

mu 

Read Command Hold Time 



80 10,000 


80 200,000 


20 


80 


45 


20 10,000 


60 


100 200,000 


25 



25 10,000 


25 75 


ns 


ns 


ns 


ns 


ns 


ns 15 


ns 16 


ns 



ns 


ns 


ns 12 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 


SYMBOL 

PARAMETER 

TC514400JL/ 

ZL-80 

TC514400JL/ 

ZL-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX." 

c RC 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

55 


•65 

- 

ns 

MM 

t RAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

IIIIIIM 

t CAC 

Access Time from CAS 

- 

25 

~ 

30 

ns 

10,15 

^-AA 

Access Time from Column Address 

- 

45 

1 

55 

ns 

10,16 

c CPA 

Access Time from CAS Precharge 

- 

50 

H 

60 

ns 


t RAS 

RAS Pulse Width 

85 

10,000 



ns 


C RASP 

RAS Pulse Width(Fast Page Mode) 




200,000 

ns 


t RSH 

RAS Hold Time 

25 

- 

30 

~ 

ns 

■■ 

tCSH 

CAS Hold Time 

85 

- 

105 

- 

ns j 

ii 

t RHCP 

CAS Precharge to RAS Hold Time 


- 

60 

- 

ns 


c CAS 

CAS Pulse Width 

25 

10,000 

30 

10,000 

ns 


C RAL 

Column Address to RAS Lead Time 


- 

55 

- 

ns ! 



CAPACITANCE (V CC »5V±10%, £=lMHz, Ta»0~70'C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (AQ~A9) 

- 

5 

pF 

CI2 

Input Capacitance (RAS, CAS, WRITE, OE) 

- 

7 

pF 

Co 

Input/ Output Capacitance (1/01^1/04) 

- 

7 

pF 
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TC51 4400JLVZL-8G 
TC51 4400JUZL—1 0 


NOTES: 

1. Stresses greater than those listed under ’’Absolute Maximum Ratings” may cause per- 
manent damage to the device. 

2. All voltages are referenced to Vgs* 

3. Icci* I CC3» I CC4» I CC6» I CC7 depend on cycle rate. 

4. ICCI » lcC4 depend on output loading. Specified value are obtained with the output 
open. 

"5. Column address can be changed once or less while RAS^Vjl and CAS^Vjh* 

6i tRAS( max « )~l lJ s is only applied to refresh of battery-back up. tRAsO®ax. )«10ys is 
applied to- functional operating. 

7 . An initial pause of 20Qys is required after power-up followed by 8 RA S’ only refresh 
cycles before proper device operation is achieved. In case of using internal 
refresh counter, a minimum of 8 CAS before RAS refresh cycles instead of 8 

RAS only refresh cycles are required. 

8. AC measurements assume 

9. Vj^(min.) and Vj^(max. ) are reference levels for measuring timing of input signals. 
Also, transition times are measured between Vjr and V-j^. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. tQFF( max *) an d tQEzOnax.) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

12. Either tRQj or tRRg must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to 
WRITE leading edge in read-modi fy-write cycles. 

14. tycs > tRWD » t CWD» C AWD an ^ t CFWD are not restrictive operating parameters. They 
are included in the data sheet as electrical characteristics only. If twcs» twCS 
(min.) the cycle is an early write cycle and data out pin will remain open circuit 
(high impedance) through the entire cycle; If tRWD « tRWD (min . ) , tcWD * tCWD( min « ) * 
tAWD * t AWD( min » ) and t CFWD t CPWI)C min * ) (Fast Page Mode), the cycle is a read- 
modify-write cycle and data out will contain data read from the selected cell: If 
neither of the above sets of conditions is satisfied, the condition of the data out 
(at access time) is indeterminate. 

15. Operation within the tRCD(max. ) limit insures that tRAc(max.) can be met. 
tR C r)(max.) is specified as a reference point only: If tRQ> is greater than the 
specified tRCD(max.) limit, then access time is controlled by tCAC* 

16. Operation within the tRAD( max O limit insures that tRAc(max.) can be met. 

t RAD( max - ) is specified as a reference point only: If is greater than the 

specified t RAD (max.) limit, then access time is controlled by t^. 
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READ CYCLE 

RAS 

CAS 

AO— A 9 

WRITE 

OE 

I/O 1-1/04 

WRITE CYCLE 

RAS 

CAS 

A0-A9 

WRITE 

OE 

1/01-1/04 


TC51 4400JL/ZL— 80 
TC51 4400JL/ZL— 1 0 
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TC514400JL/ZL-80 
TC51 4400JL/ZL— 1 0 



i8 



















TC51 4400JL/ZL— 80 
TC51 4400JL/ZL— 1 0 


FAST PAGE MODE READ CYCLE 



FAST PAGE MODE WRITE CYCLE 


VALID 
DATA-OUT 2 
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TC51 4400JL/ZL-80 
TC514400JL/ZL-10 


FAST PAGE MODE READ-MOD IFY-WRITE CYCLE 
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L— 8i 

TC514400JL/ZL— 10 



rTs only refresh cycle 


l RC 



Note: m, AO 'V A9="H" or "L" E22 : " H " or "L 


TC5 1 4400 J L/ZL—80 
TC51 4400JL/ZL-1 0 











TC51 4400JUZL-80 
TC51 4400JL/ZL— 1 0 










TC51 4400JL/ZL— 80 
TC51 4400JL/ZL— 1 0 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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TC51 4400JL/ZL-80 
TC51 4400JUZL-1 0 







TC51 4400JL/ZL-80 
TC51 4400JL/ZL— 1 0 
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TEST MODE 

The TC514400JL/ZL is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In ’’Test Mode’*, data are written into 8 sectors in 
parallel and retrieved the same way. Aqq is not used. If, upon reading, two bits on 
one I/O pin are equal (all "l"s or "0"s) , the I/O pin indicates a "1". 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block 
diagram of TC514400JL/ZL. In "Test Mode*', the 1M* 4 DRAM can be tested as if it were 
a 512K* 4 DRAM. 

"WRITE, CAS Before RAS Refresh. Cycle" puts the device into "Test Mode". And "€I5 Before 
RAS Refresh Cycle" or "RAS Only Refresh Cycle" puts it back into! "Normal Mode". In the 
Test Mode, "WRITE, CAS Before RAS Refresh Cycle" performs the refresh operation with 
the internal refresh address counter. The "Test Mode" function reduces test times (1/2 
in case of N test patterns). 
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TC51 4400JL/ZL— 80 
TC51 4400JL/ZL— 1 0 































NOTES 



1,048,576 WORD x4 BIT DYNAMIC RAM * This is advanced information and specifica- 
tions are subject to change without notice. 

DESCRIPTION 

The TC5 14400 AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC5 14400 AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and to the system 
user, Multiplexed address inputs permit the TC514400AF/AJ/ASJ/AZ to be packaged in a standard 20 
pin plastic DIP, 26/20 pin plastic SO J (300/350mil) and 20 pin plastic ZIP. The package size provides 
high system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 


• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 




T C5 1 4400AP/AJ/ASJ/AZ - 60 

*RAC 

RAS Access Time 

60ns 

*AA 

Column Address 
Access Time 

30ns 

tCAC 

CAS Access Time 

20ns 

t RC 

Cycle Time 

110ns 

tp C 

Fast Page Mode 
Cycle Time 

45ns 


• Single power supply of 5V±10% 
with a built-in Vbb generator 








« 




Low Power 


660mW MAX. Operating 

(TC5 14400 AP/AJ/ASJ/AZ - 60) 


5.5mW MAX. Standby 

Outputs unlatched at cycle end allows two- 
dimensional chip sel ection 
Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Fast Page 


Mode and Test Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/16ms 
Package TC514400AP : DIP20-P-300C 

TC514400AJ : SOJ26-P-350 

TC514400ASJ : SOJ26-P-300A 
TC5 14400 AZ : ZIP20-P-400A 


PIN NAMES 


A0-A9 

Address Inputs 

OE 

Output Enable 

M 

Row Address Strobe 

1/01—1/04 

Data Input/Output 

CAS 

Column Address Strobe 

Vcc 

Power ( + 5V) 

Write 

Read/Write Input 

Vss 

Ground 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 


Plastic DIP Plastic SOJ Plastic ZIP 


1/04 

l/OI 

WffiTE 

A9 

A1 

A3 

A4 

A6 

A8 














TC51 4400AP/AJ/ASJ/AZ-60 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

r— — 1 

NOTES 

Input Voltage 

Vin 

- 1—7 

V 

1 

Output Voltage 

Vout 

- 1-7 

V 

WKMMKM 

Power Supply Voltage 

v cc 

- 1-7 

V 

BBMl MB 

Operating Temperature 

Topr 

0 

rv, 

1 

o 

°C 

Hi 

Storage Temperature 

t stg 

- 55—150 

°c 

■■HHi 

Soldering Temperature • Time 

Bolder 

260-10 

°C • sec 

hhhhi 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

l0UT 

50 

IDA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 



V 

2 

V, H 

Input High Voltage 

2.4 

bbh 

II 

V 

2 

V|L 

Input Low Voltage 

- 1.0 

■BH 

■jjjjQyfl 


2 
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TC51 4400AP/ A J /AS J /AZ-60 


DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

*CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: Irc^Irc MIN.) 

TC514400AP/AJ/ 

ASJ/AZ-60 

- 

120 

mA 

3, 4 

5 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V, H ) 

- 

2 

mA 


>CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS = V| H : t R c = tRc MIN.) 

TC514400AP/AJ/ 

ASJ/AZ-60 

- 

120 

mA 

3, 5 

>CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V| L , CAS, Address Cycling: t P c = tpc MIN.) 

TC514400AP/AJ/ 

ASJ/AZ-60 


70 

mA 

3, 4 

5 

'CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V C c ~ 0.2V) 

- 

1 

mA 


>CC6 

£a5 BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CAS Cycling: t RC = t RC MIN.) 

T C5 1 4400AP/AJ/ 

ASJ/AZ-60 

- 

120 

mA 

3 

'l (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0VSV| N S6.5V, All Other Pins Not Under Test = 0V) 

- 10 

10 

pA 


•o (L) 

OUTPUT LEAKAGE CURRENT 

(D 0U t is disabled, OVS V 0 U t^ 5.5V) 

-10 

10 

pA 


V OH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout s -5mA) 

2.4 

- 

V 

■ 

V OL 

OUTPUT LEVEL 

Output "L" Level Voltage (louT = ^-2mA) 

- . 

0.4 

D 

■ 
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TC51 4400AP/A J /AS J / AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V C c = 5V±10%, Ta = 0~70°c) (Notes 6, 7, 8) 



CVMOOI 

DAQAI\/ICTCD 

TC5 1 4400AP/AJ/ASJ/AZ-60 



StIVIdUL 

rAKAIVIfc 1 fcr\ 

MIN. 

MAX. 

UNIT 

■ 

NOTES 


Random Read or Write Cycle Time 
Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modify-Write Cycle Time 

Access Time from RAS 

Access Time from CAS 
Access Time from Column Address 
Access Time from CAS Precharge 
CAS to output in Low-Z 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Pulse Width (Fast Page Mode) 


RAS Hold Time 


RAS Hold Time From CAS Precharge (Fast Page Mode) 
CA? Hold Time 


CA5 Pulse Width 


RAS to CAS Delay Time 


RAS to Column Address Delay Time 


CAS to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time referenced to RAS 


Write Command Hold Time 
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TC51 4400AP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC5 1 4400AP/AJ/ASJ/AZ-60 



MIN. 

MAX. 

twp 

Write Command Pulse Width 

10 

- 

1 


tRWl 

Write Command to RAS Lead Time 

20 

- 

m 


kWL 

Write Command to CAS Lead Time 

20 

- 

E9 



t DS 

Data Set-Up Time 

0 

- 

m 


ton 

Data Hold Time 

15 

- 

m 


l REF 

Refresh Period 

- 

16 

wm 

zn 

twcs 

Write Command Set-Up Time 

0 

- 

m 


kwo 

CAS to WRITE Delay Time 

50 

- 

m 

13 

kWD 

RAS to WRITE Delay Time 

90 

- 

ns 

13 

UWD 

Column Address to WRITE Delay Time 

60 

- 

ns 

13 

kpwo 

CAS Precharge to WRITE Delay Time 

70 

- 

E9 


kSR 

CAS Set-Up Time 
(CAS before RA§ Cycle) 

5 

- 


■ 

kHR 

CAS Hold Time 
(C!AS before RA5 Cycle) 

15 

- 


■ 

kpc 

RAS to CAS Precharge Time , 

0 

- 

m 


kpT 

CAS Precharge Time (CAS before RAS Counter Test 

Cycle) 

30 

- 


■ 

tROH 

RAS Hold Time referenced to UE 

10 

- 

E 

M 

k>EA 

OE Access Time 

- 

20 

El 


k)ED 

OE to Data Delay 

20 

- 

IB 

mm 

^OEZ 

Output buffer turn off Delay Time from OE 

0 

20 

E9 

S 

k>EH 

OE Command Hold Time 

20 

- 

E9 


*WTS 

Write Command Set-Up Time (Test Mode In) 

10 

- 

n 


tWTH 

Write Command Hold Time (Test Mode In) 

10 

- 

E9 


*WRP 

WRITE to RAS Precharge Time (CAS before RAS Cycle) 

10 

- 

19 


twRH 

WRITE to RAS Hold Time (CAS before RAS Cycle) 

10 

- 

■9 






















TC51 440QAP/AJ/AS J/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 

TEST MODE 


SYMBOL 

PARAMETER 

TC5 1 44QGAP/AJ/ASJ/AZ-60 

UNIT 

NOTES 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

115 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

“ ■ 

ns 



Access Time from RA5 

- 

65 

ns 

9,14 

15 

tcAC 

Access Time from CAS 

- 

25 

ns 

9,14 

^AA 

Access Time from Column Address 

- 

35 

■1 

9,15 

*CPA 

Access Time from CAS Precharge 

- 

45 

ns 

9 

tRAS 

f*A5 Pulse Width 

65 

10,000 

m 


P5JJU 

RAS Pulse Width (Fast Page Mode) 

65 

200,000 

m 


tRSH 

m Hold Time 

25 

- 

E9 


kSH 

CAS Hold Time 

65 

- 

■a 


tRHCP 

RAS Hold Time From CAS Precharge (Fast Page Mode) 

45 

- 

D 

■ ■ 

tCAS 

£a? Pulse Width 

25 

10,000 

E9 

■ ■ 

tRAL 

Column Address to RAS Lead Time 

35 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%. f=1MHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (A0-A9) 

- 

5 

pF 

C|2 

Input Capacitance (RAS, £a5, WRITE, (5e) 

- 

7 

pF 

c 0 

Input/Output Capacitance (I/01M/04) 


7 

PF 
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TC51 4400AP/A J /AS J /AZ-60 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vgs- 

3. ICC1» ICC3» ICC4, ICC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vjl and CAS = Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 RA8 only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tr=5ns. 

8. Vi 1 1 (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. topp (max.) and toisz (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tpcil or tRiui must be satisfied for a read cycle, 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twcs> tRWD, tCWD, tAWL) and tcpwo are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs= twcs (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWD^tRWD (min.), tcwD^tcwD (min.) , tAWD^tAWD (min.) and tcPWD^tcpwD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAI) (max.) is specified as a reference point only: Tf tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA« 
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TC51 4400AP/AJ/AS J/AZ-60 


WRITE CYCLE (OE CONTROLLED WRITE! 











TC51 4400AP/AJ/ASJ/AZ-60 


FAST PAGE MODE READ CYCLE 
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TC51 4400AP/A J /AS J /AZ-60 


FAST PAGE MODE WRITE CYCLE 
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HIDDEN REFRESH CYCLE (READ) 


X 


tRC 
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TC51 4400AP/AJ/ASJ/AZ-60 


TEST MODE 

The TC5 14400 AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. AOc is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s or 
“0”s), the I/O pin indicates a“l”. 

If they were not equal, the I/O pin would indicate a “0”. Fig.l shows the block diagram of 
TC514400AP/AJ/ASJ/AZ. In “Test Mode”, the 1MX4 DRAM can be tested as if it were a 512KX4 
DRAM. 

“WRITE, CAS Before RAS Refresh Cycle puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, 
“WRITE, CAS Before RAS Refresh Cycle” Performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/2 in case of N test pattern). 
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TC51 4400AP/A J /AS J /AZ-60 


BLOCK DIAGRAM IN THE TEST MODE 



Fig. 1 
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NOTES 



1,048,576 WORD x4 BIT DYNAMIC RAM 


This is advanced information and specifica- 
tions are subject to change without notice. 


DESCRIPTION 

The TC514400APL/AJL/ASJL/AZL is the new generation dynamic RAM organized 1,048,576 words by 
4 bits. The TC5 14400 APL/AJL/ASJL/AZL utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC5 14400 APL/AJL/ASJL/AZL to be packaged in a 
standard 20 pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package 
size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 




TC514400APL/AJL/ASJL/AZL - 60 

tRAC 

RAS Access Time 

60ns 

t-AA 

Column Address 
Access Time 

30ns 

Vac 

CAS Access Time 

20ns 

1 RC 

Cycle Time 

110ns 

tpc 

Fast Page Mode 
Cycle Time 

45ns 


• Single power supply of 5V±10% 
with a built-in Vbb generator 


• Low Power 

660mW MAX. Operating 

(TC5 144 00 APL/AJL/ASJL/AZL - 60) 
l.lmW MAX. Standby 

o Outputs unlatched at cycle end allows two- 
dimensional chip sel ection 

• Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, and Fast 
Page Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/128ms 

o Package TC514400APL : DIP20-P-300C 
TC5 14400 AJL : SOJ26-P-350 
TC5 14400 AS JL: SOJ26-P-300A 
TC5 14400 AZL : ZIP20-P-400A 


PIN NAMES 


BLOCK DIAGRAM 


A0-A9 

Address Inputs 

OE 

Output Enable 

RAS 

Row Address Strobe 

1/01-1/04 

Data Input/Output 

CAS 

Column Address Strobe 

Vcc 

Power ( + 5V) 

WRITE 

Read/Write Input 

v$s 

Ground 


PIN CONNECTION (TOP VIEW) 


Plastic DIP 


Plastic SOJ Plastic ZIP 





m 

£ rr 

1/03 

nr 

Vss 

jjT 

1/02 

?==• s: 

ra5 

-- [ijo 

AO 

-S [12 

A2 

r,v 

V CC 

r.V 

A5 

m [,=.= 

A7 





©3 

1/04 

l/OI 

Write 

A9 

A1 

A3 

A4 

A6 

A8 


l/OI 1/02 1/03 1/04 










TC51 4400APL/AJL/ASJL/AZL-60 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V, N 

- 1—7 

V 

1 

Output Voltage 

V OUT 

- 1-7 

V 

1 

Power Supply Voltage 

Vcc 

- 1-7 

V 

1 

Operating Temperature 

t opr 

0-70 

°C 

1 

Storage Temperature 

t stg 

-55-150 

°C 

1 

Soldering Temperature • Time 

t solder 

260-10 

°C • sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 



MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 


5.5 

V 

2 

V, H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V, L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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TC51 4400APL/AJL/ASJL/AZL-60 


DC ELECTRICAL CHARACTERISTICS (V cc = 5V ± 1 0%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

*CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t R c = t R c MIN.) 

TC5 1 4400APL/AJL/ASJL/AZL-60 

- 

120 

mA 

3, 4 

5 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V (H ) 

- 

2 

mA 


ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS = V, H : t RC = t RC MIN.) 

TCS 1 4400 APL/A J L/AS J L/AZ L-60 

- 

■ 

120 

mA 

3, 5 

*CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V| L , C~AS, Address Cycling: tp C = tp C MIN.) 

TC5 1 4400APL/AJL/ASJL/AZL-60 


70 

mA 

3, 4 

5 

*CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V CC - 0.2V) 

- 

200 

pA 


•CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: t R c = t R c MIN.) 

TC51 4400APL/AJL/ASJL/AZL-60 

- 

120 

mA 

3, 5 

ICC7 

Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 

(CAS = CAS Before RAS Cycling or 0.2V, OE = V C c-0.2V, WRITE = V CC - 

0.2V, AO-9 = V CC -0.2V or 0.2V, 1/01-4 = V CC - 0.2V, 

0.2 V or OPEN: t R c=125ps, t RA s = 300ns -Ips) 

- 

400 

pA 

3, 6 

let/ 

Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 

(CAS = CAS Before RAS Cycling or 0.2V, OE = V C c - 0.2V, WRITE = V C c~ 

0.2V, A0~9 = V C c -0.2V or 0.2V, 1/01-4 = V CC - 0.2V, 

0.2V or OPEN : t RC = 125ps, t RAS = t RA s MIN. -300ns) 

- 

300 

pA 

3, 6 

>1 (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V S V|n 3 6.5V, All Other Pins Not Under Test = 0V) 

- 10 

10 

pA 


'O (L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, 0VS V 0uT S 5.5V) 

- 10 

10 

pA 


< 

O 

X 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout= -5mA) 

2.4 

- 

V 


Voi 

OUTPUT LEVEL 

Output "L" Level Voltage (louT = 4 -2mA) 


0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V C c = 5V±10%, Ta = 0~70°c) (Notes 7, 8, 9) 



cvMoni 

1 DADAA/ICTCD 

T C5 1 4400APL/AJ L/ASJ L/AZL-60 



b tIVIdUL 

rAKAIVIt 1 fcK 

l 

MIN. MAX. 

UNIT 

NOTES 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 

Fast Page Mode Read-Modify-Write 
Cycle Time 

Access Time from RAS 

Access Time from CAS 

Access Time from Column Address , 

Access Time from CAS Precharge 

CAS to output in Low-Z 

Output Buffer Turn-off Delay 

Transition Time (Rise and Fall) 

RAS Precharge Time 
RA5 Pulse Width 

RAS Pulse Width (Fast Page Mode) 

RA? Hold Time 

RAS Hold Time From CAS Precharge 
(Fast Page Mode) 

CAS Hold Time 

CAS Pulse Width 


RAS to CAS Delay Time 

RAS to Column Address Delay Time 

CAS to RAS Precharge Time 


ns 10,15 
ns 10,16 




















TC51 4400APL/A J L/AS J L/AZL-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC514400APL/AJL/ASJL/AZL-60 

UNITS 

NOTES 

MIN. 

MAX. 

tRRH 

Read Command Hold Time referenced 

to RAS 

0 

- 

ns 

12 

*WCH 

Write Command Hold Time 

10 

- 

ns 


twp 

Write Command Pulse Width 

10 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

20 

- 

ns 


l CWL 

Write Command to CAS Lead Time 

20 

- 

ns 


*D$ 

Data Set-Up Time 

0 

- 

ns 

13 

tDH 

Data Hold Time 

15 

- 

ns 

13 

tREF 

Refresh Period 

- 

128 

ms 


twcs 

Write Command Set-UP Time 

0 

- 

ns 

14 

kWD 

CAS to WRITE Delay Time 

50 

- 

ns 

14 

tRWD 

RAS to WRITE Delay Time 

90 

- 

ns 

14 

UWD 

Column Address to WRITE Delay Time 

60 

- 

ns 

14 

k.PWD 

CAS Precharge to WRITE Delay Time 

70 

- 

ns 

14 

kSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

5 

- 

ns 


k.HR 

CAS Hold Time 

(CAS before RAS Cycle) 

15 

- 

ns 


*RPC 

RAS to CAS Precharge Time 

0 

- 

ns 


. 

l CPT 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 

30 

- 

ns 


l ROH 

RAS Hold Time referenced to OE 

10 

- 

ns 


k)EA 

OE Access Time 

- 

20 

ns 


k ED 

OE to Data Delay 

20 

- 

ns 


tOEZ 

Output buffer turn off Delay Time 

from OE 

0 

20 

ns 

10 

kEH 

OE Command Hold Time 

20 

- 

ns 


%TS 

Write Commamd Set-Up Time 
(Test Mode In) 

10 

1 

. 

ns 


tWTH 

1 J 1 J ' 

Write Commamd Hold Time 

(Test Mode In) 

10 

“ 

ns 


twRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

- 

ns 


twRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE 


SYMBOL 

PARAMETER 

TC5 1 4400APL/AJ LyASJL7AZL-60 

UNITS 

NOTES 

MIN. 

MAX. 

*RC 

Random Read or Write Cycle Time 

115 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 


ns 


^RAC 

Access Time from RAS 


65 

ns 

10,15 

16 

tCAC 

Access Time from CAS 

- 

25 

ns 

9,15 

^AA 

Access Time from Column Address 

- 

35 

ns 

9,16 

tCPA 

Access Time from CAS Precharge 

- 

45 

ns j 

10 

tRAS 

RAS Pulse Width 

65 

10,000 

ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

65 

100,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

ns 


kSH 

CAS Hold Time 

65 

- 

ns 


tRHCP 

CAS Precharge to RAS Hold Time 

45 

, 

- 

ns i 


tCAS 

CAS Pulse Width 

25 

10,000 

ns 


tRAL 

Column Address to RAS Lead Time 

35 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%. f=1MHz. Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C,i 

Input Capacitance (A0~A9) 

- 

5 

pF 

C| 2 

Input Capacitance (RAS, CA?, WRITE, OE) 


7 

pF 

Co 

Input/Output Capacitance (l/OI ~l/04) i 

- 

7 

pF 


A-338 








TC51 4400APL/AJ L/AS J L/AZL-60 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss* 

3. Icci> ICC3> ICC4, ICC6, IcC7 depend on cycle rate. 

4. ICC1> ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS' = Vil and CAS = Vih. 

6. tHAS( m ax.) = lps is only applied to refresh of battery-back up. tRAs(max.) = lOps is applied to 

functional operating. 

7. An initial pause of 200ps is required after pow.er-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume t r r = 5ns. 

9. Viu (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil,. 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

12. Either tRCU or tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

14. twcs> tRWD, tcwD, tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs— ty/CS (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWD—tRWD (min.), tcWD^tcWD (min.) , tAWD = tAWD (min.) and tcPWD^ tcPWD (min.) (Fast 
Page Mode), the cycle is a Read-Modify- Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data 
. out (at access time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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READ CYCLE 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE RE AD-MODIFY- WRITE CYCLE 



*1 DqutI 


*2 D 0U t2 


*3 D out N 


: "H" or "L" 
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HIDDEN REFRESH CYCLE (READ 
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C53 BEFORE RAS REFRESH COUNTER TEST CYCLE 













RAS 


V| L 


CAS 



WRITE 


V, H - 

v ,l —mzm. 


1/01 

-I/04 


VoH 

V 0 L - 


Note : UE, A0~i 
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TEST MODE 

The TC5 14400 APL/AJL/ASJL/AZL is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In ‘‘Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. Aoc is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s or 
“0”s), the I/O pin indicates a “1”. 

If they were not equal, the I/O pin would indicate a “0”. Fig.l shows the block diagram of 
TC514400APL/AJL/ASJL/AZL. In “Test Mode”, the 1MX4 DRAM can be tested as if it were a512KX4 
DRAM. 

“WRITE, CAS Before RAS Refresh Cycle puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, 
“WRITE, CAS Before RAS Refresh Cycle” Performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/2 in case of N test pattern). 
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NOTES 



1,048,576 WORD x4 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514400AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC5 14400 AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and to the system 
user. Multiplexed address inputs permit the TC514400AP/AJ/ASJ/AZ To be packaged in a standard 20 
pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides 
high system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 



T C5 1 4400AP/AJ/AS J/AZ 
-70/ -80/- 10 

*RAC 

RAS Access Time 

70ns 

80ns 

100ns 

^AA 

Column Address 
Access Time 

35ns 

40ns 

50ns 

tCAC 

CAS Access Time 

20ns 

20ns 

25ns 

*RC 

Cycle Time 

130ns 

150ns 

180ns 

t PC 

Fast Page Mode 
Cycle Time 

45ns 

50ns 

60ns 


• Single power supply of 5V±10% 
with a built-in Vbb generator 

PIN NAMES 


A0-A9 

Address Inputs 


Output Enable 

RA5 

Row Address Strobe 

l/OI -1/04 

Data Input/Output 

OT 

Column Address Strobe 

Vcc 

Power ( + 5V) 

write 

Read/Write Input 

v$s 

Ground 


• Low Power 

550mW MAX. Operating 

(TC5 14400 AP/AJ/ASJ/AZ — 70) 
468mW MAX. Operating 

(TC5 14400 AP/AJ/ASJ/AZ - 80) 
413mW MAX. Operating 

(TC514400AP/AJ/ASJ/AZ - 10) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two- 
dimensional chip sel ection 

• Read-Modify-Write, CAS before HAS refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/1 6ms 

• Package TC514400AP : DIP20-P-300C 

TC514400AJ : SOJ26-P-350 

TC514400ASJ : SOJ26-P-300A 
TC514400AZ : ZIP20-P-400A 

BLOCK DIAGRAM 

l/OI 1/02 1/03 1/04 


PIN CONNECTION (TOP VIEW) 



WITTE 


Vcc Vss 

o o 


<4 

1 J i 

DATA IN 

DATA OUT 


BUFFERS 

BUFFERS 




AQO*- 

ai o*- 

A2 0- 
A3 O*- 
A4 O*- 
A5 
AS 
A7 0*-| 
A8 0-*-| 




© 


Ra5o — H 


NO.2 CLOCK 
GENERATOR h-i 


COLUMN 
AOORESS 
BUFFERS (10) 


REFRESH 

CONTROLLER 


7Y 


REFRESH 
COUNTER (10) 


ROW 

' — nrN address 

A9 CH-I Uy BUFFERS (10) 


COLUMN 

DECODER 


SENSE AMP 
I/O GATE 


NO.1 CLOCK 
GENERATOR 


1024 • 
x4 


E_J 



< *- 


| Q 

T~*" 

MEMORY 

O O 
oc u 

1024 

ARRAY 

Ui 

, i r 

1024x1024x4 

O 

TUT 



SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V, N 

- 1-7 

V 

1 

Output Voltage 

V 0 UT 

- 1—7 

V 

1 

Power Supply Voltage 

Vcc 

- 1—7 

V 

1 

Operating Temperature 

Topr 

0—70 

•c 

1 

Storage Temperature 

T$tg 

-55-150 

•c 

1 

Soldering Temperature *Time 

t soider 

260-10 

X • sec 

1 

Power Dissipation 

MM 

Pd 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

i 

> 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (V cc = 5V + 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

lea 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CA$, Address Cycling: t R c = t R c MIN.) 

TC5 1 4400AP/AJ/ASJ/AZ-70 

- 

100 

mA 

3, 4 

5 

TC5 1 4400 AP/AJ/AS J/AZ-80 

- 

85 

TC5 1 4400AP/AJ/ASJ/AZ-1 0 

~ 

75 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 

{Ra5=£a 5 = V, h ) 

- 

2 

mA 


>CC3 

RA5 ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(ftA? Cycling, CA?=V, h : t RC = t RC MIN.) 

TC5 1 4400AP/AJ/ASJ/AZ-70 

- 

100 • 

mA 

3, 5 

TC5 1 4400 AP/AJ/ASJ/AZ-80 

_ 

85 

TC5 1 4400 AP/AJ/AS J/AZ- 1 0 

- 

75 

<CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V| L , Ca$, Address Cycling: tpc = tpc MIN.) 

TC5 1 4400 AP/AJ/AS J/AZ-70 

- 

70 

mA 

3, 4 

5 

TC5 1 4400 AP/AJ/AS J/AZ-80 

- 

60 

TC5 1 4400AP/AJ/AS J/AZ- 1 0 

- 

55 

'CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = Za5 = V CC - 0.2V) 

- 

1 

mA 


ICC6 

TO BEFORE RA?> REFRESH CURRENT 

Average Power Supply Current, CAS Before ftA§ 
Mode (RAS, CAS Cycling: t R c = t R c MIN.) 

TC5 1 4400AP/AJ/AS J/AZ-70 

- 

100 

mA 

3. 5 

TC5 1 4400AP/AJ/ASJ/AZ-80 

- 

85 

TC5 1 4400AP/AJ/AS J/AZ-1 0 

- 

75 

■ 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0VSV| N S6.5V, All Other Pins Not Under Test^OV) 

-10 



■ 

>0 (L> 

OUTPUT LEAKAGE CURRENT 

(D 0 ut is disabled, 0V£ V 0UT S 5.5V) 

-10 

10 

pA 

P 

V OH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout® 5 -5mA) 

D 

■ 

D 

P 

Voi 

OUTPUT LEVEL 

Output "L" Level Voltage (Iout = 4.2mA) 

■ 

P 

P 

P 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V cc = 5V±10°/o, Ta = 0~70 ,, c) (Notes 6, 7, 8) 



TC514400AP/ 

AJ/ASJ/A2-70 


TC514400AP/ 

AJ/ASJ/AZ-80 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Modi fy-Write 
Cycle Time 


Access Time from MAS 


Access Time from CAS 


Access Time from Column Address 


Access Time from CAS Precharge 


CAS to output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


MAS Pulse Width (Fast Page Mode) 


MAS Hold Time 


MAS Hold Time From CAS Precharge 
(Fast Page Mode) 


CAS Hold Time 


CaS Pulse Width 


MAS to CaS Delay Time 


MAS to Column Address Delay Time 


CAS to RaS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address to MAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

*RRH 

Read Command Hold Time referenced 

to IAS 

twCH 

Write Command Hold Time 

twp 

Write Command Pulse Width 

tRWL 

Write Command to RAS Lead Time 

kwi 

Write Command to CAS Lead Time 

tos 

Data Set-Up Time 

tOH 

Data Hold Time 

tREF 

Refresh Period 

twcs 

Write Command Set-UP Time 

*CWD 

CaS to WAITE Delay Time 

tRWD 

RAS to WRITE Delay Time 

tAWO 

Column Address to WRITE Delay Time 

tCPWD 

CAS Precharge to WRITE Delay Time 

kSR 

CaS Set-Up Time 
(CAS before RAS Cycle) 

tCHR 

CaS Hold Time 
(CAS before RAS Cycle) 

tRPC 

RaS to CaS Precharge Time 

kPT 

CaS Precharge Time (CAS before RAS 
Counter Test Cycle) 

tROH 

RaS Hold Time referenced to Of 

*OEA 

OE Access Time 

*OED 

0E to Data Delay 

t(3EZ 

Output buffer turn off Delay Time 
from OE 

tOEH 

Of Command Hold Time 

twTS 

Write Commamd Set-Up Time 
(Test Mode In) 

twTH 

Write Commamd Hold Time 
(Test Mode In) 

tWRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

twRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 




























































































































































TC5 1 4400AP/A J/AS J/AZ— 70, TC51 4400AP/AJ/ASJ/AZ-80 

TC51 4400AP/AJ/ASJ/AZ-1 0 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE 


SYMBOL 

PARAMETER 

TC514400AP/ 

AJ/ASJ/AZ-70 

„TC514400AP/ 

AJ/ASJ/A2-80 

TC514400AP/ 

AJ/ AS J/AZ- 10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

135 

- 

155 


185 

- 



tRMW 

Read-Modify-Write Cycle Time 

190 

- 

210 

- 

250 

- 

m 


tpc 

Fast Page Mode Cycle Time 

50 

- 

55 

- 

65 

- 

K9 


tpRMW 

Fast Page Mode Cycle Read-Modify- 

Write Time 

105 

m 

110 

- 

130 

- 

ns 


tRAC 

Access Time from RA$ 

- 

75 

- 

85 

- 

105 

ns 

9,14, 

15 

tCAC 

Access Time from £a$ 

- 

25 

- 

25 

- 

30 

m 

9,14 

tAA 

Access Time from Column Address 

- 

40 

- 

45 

- 

55 

m 

9,15 

tCPA 

Access Time from CA$ Precharge 

- 

45 

- 

50 

- 

60 

■9 

9 

tRAS 

RAS Pulse Width 

75 

10,000 

85 

10,000 

105 

10,000 

a 


*RASP 

RAS Pulse Width (Fast Page Mode) 

75 

200,000 

85 

200,000 

105 

200,000 

m 


tRSH 

RAS Hold Time 

25 

- 

25 

- 

30 

- 

m 


IKS91 


75 

- 

85 

- 

105 

- 

■a 


tRHCP 

CaS Precharge to ftAS Hold Time 

45 


50 

- 

60 

- 

m 


tCAS 

CA$ Pulse Width 

25 

10,000 

25 

10,000 

wm 

10,000 

m 


*RAL 

Column Address to RA$ lead Time 


- 

45 

- 

m 

- 

m 


tcwo 

CaS to WRITE Delay Time 

55 


55 

- 

65 

- 

El 

13 

iRWD 

RAS to WRITE Delay Time 

105 

- 

115 


140 

- 

E9 

13 

tAWO 

Column Address to WRIT? Delay Time 

70 

- 

75 

- 

90 

- 

m 

13 

tCPWD 

<£a$ Precharge to WRITE Delay Time 

75 

- 

80 

- 

95 

- 

El 

13 

*OEA 

E)E Access Time 

- 

25 

- 

25 

- 

30 

IE1 


^OEH 

I5E Command Hold Time 

25 

- 

25 

- 

30 

- 

m 



CAPACITANCE (Vrr = 5V 1 10%. f=1MHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C n 

Input Capacitance (A0-A9) 

- 

5 

pF 

C.2 

Input Capacitance (RaE, CaS, WRITE, E)E) 

- 

7 

pF 

Co 

Input/Output Capacitance (1/01-1/04) 

- 

7 

pF 
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TC51 4400AP/AJ/ASJ/AZ— 1 0 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. iGCl. ICC3» ICC4 , ICC6 depend on cycle rate. 

4. Icci* ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vil and CAS = Vm. 

6. An initial pause of 200ps is required after power-up followed by 8 HAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. Vih (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twcs. tRWD* tcwD, tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twCS^twCS (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWD ^ tRWD (min.), tcwD^tcWD (min.) , tAWD** tAWD (min.) and tcPWD^ tcPWD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can he met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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*RC 


READ CYCLE 
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WRITE CYCLE (UE CONTROLLED WRITE! 
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READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 
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HIDDEN REFRESH CYCLE (READ' 





TC51 4400AP/AJ/ASJ/AZ-70, TC51 4400AP/AJ/ASJ/AZ-80 

TC51 4400AP/AJ/ASJ/AZ— 1 0 


HIDDEN REEFRESH CYCLE (WRITE 1 
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TEST MODE 

The TC5 14400 AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. AOc is not used. If, upon reading, two bits on one I/O pin are equal (all *T’s or 
“0”s), the I/O pin indicates a“l”. 

If they were not equal, the I/O pin would indicate a “0”. Fig.l 1 shows the block diagram of 
TC514400AP/AJ/ASJ/AZ. In “Test Mode", the 1MX4 DRAM can be tested as if it were a 512KX4 
DRAM. 

“WRITE, CAS Before RAS Refresh Cycle puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, 
“WRITE, CAS Before RAS Refresh Cycle” Performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/2 in case of N test pattern). 
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BLOCK DIAGRAM IN THE TEST MODE 


A oc v C c 




Fig. 1 












NOTES 



1,048,576 WORD x4 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC5 14400 APL/AJL/ASJL/AZL is the new generation dynamic RAM organized 1,048,576 words by 
4 bits. The TC514400APL/AJL/ASJL/AZL utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC514400APL/AJL/ASJL/AZL to be packaged in a 
standard 20 pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package 
size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 




TC5 1 4400APL/AJ L/AS J l/AZl 
-70/- 80/- 10 

tRAC 

ftAS Access Time 

70ns 

80ns 

100ns 

*AA 

Column Address 
Access Time 

35ns 

40ns 

50ns 

tCAC 

CAS Access Time 

20ns 

20ns 

25ns 

*RC 

Cycle Time 

130ns 

150ns 

180ns 

a 


45ns 

50ns 

60ns 


• Single power supply of 5V±10% 
with a built-in Vbb generator 

PIN NAMES 


A0— A9 

Address Inputs 


Output Enable 

RA5 

Row Address Strobe 

1/01-1/04 

Data Input/Output 

m 

Column Address Strobe 

v cc 

Power ( + 5V) 

WRITE 

Read/Write Input 

v$s 

Ground 


Low Power 

550mW MAX. Operating 

(TC5 14400 APL/AJL/ASJL/AZL - 70) 
468mW MAX. Operating 

(TC5 14400 APL/A JL/ASJL/AZL - 80) 
413mW MAX. Operating 

(TC514400 APL/AJL/ASJL/AZL - 10) 
l.lmW MAX. Standby 

Outputs unlatched at cycle end allows two- 
dimensional chip sel ection 
Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, and Fast 
Page Mode and Test Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/128ms 
Package TC514400APL : DEP20-P-300C 
TC5 14400 AJL : SOJ26-P-350 
TC514400ASJL: SOJ26-P-300A 
TC514400AZL : ZEP20-P-400A 


BLOCK DIAGRAM 


1/02 1/03 1/04 


1 ? 1 1 


PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SOJ 



m 

• 1024 



X4 



NO.l CLOCK 

& 

L“T 

vjcnicttA i UK 

i 


§ o 

at y 

4 j * 

MEMORY 

1024 

ARRAY 

Ui 

« » r 

1024x1024x4 

O 




SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

~1—7 

V 

1 

Output Voltage 

V 0 UT 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

- 1—7 , 

V 

1 

Operating Temperature 

t opr 

0-70 

•c 

1 

Storage Temperature 

t stg 

>55-150 

•c 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

•C-sec 

1 

Power Dissipation 

Po 

700 

mW 

1 

Short Circuit Output Current 

! out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V C C 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VtH . 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

“1.0 

- 

0.8 

V 

2 


A-378 



























































TC51 4400APL/A J L/AS J L/AZL-70, TC51 4400APL/AJL/ASJL/AZL-80 

TC51 4400 APL/AJ L/AS J L/AZL-1 0 


DC ELECTRICAL CHARACTERISTICS (V cc = 5V ± 1 0%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 


OPERATING CURRENT 

TC5 1 4400APL/AJL/ASJL/AZL-70 

- 

100 


3, 4 

«CC1 

Average Power Supply Operating Current 

TC5 1 4400APUAJI/ASJUAZI-80 

- 

85 

mA 


(ftA$, <!A$, Address Cycling: tRC = tRc MIN.) 

TC5 1 4400APL/AJUASJUAZI-1 0 

- 

75 


5 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RA? = CA$ = V| H ) 

- 

2 

mA 



RA5 ONLY REFRESH CURRENT 

TCS 1 4400APL/AJL/ASJL/AZL-70 

- 

100 



ICC3 

Average Power Supply Current, RAS Only Mode 

TC5 1 4400APl/A/l/AS;i/AZL-80 

_ 

85 

mA 

3, 5 


(RA5 Cycling, US-. *V, H : tRc*t RC MIN.) 

TC5 1 4400APL/AJL/ASJL/AZL-10 

- 

75 




FAST PAGE MODE CURRENT 

TC5 1 4400API/AJL/ASJI/AZI-70 

_ 

70 


3, 4 


Average Power Supply Current, Fast Page Mode 

TC5 1 4400APL/AJL/ASJL/AZL-80 

_ 

60 

mA 

•CC4 

(Ra5 = V| L , Ca$, Address Cycling: tpc = t?c MIN.) 

TCS 1 4400APC/AJL/AS JL/AZL- 1 0 

- 

55 


5 

•CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=£a5=V cc -0.2V) 

- 

200 

pA 



US BEFORE US REFRESH CURRENT 

TC5 1 4400APL/AJL/ASJL/AZL-70 

- 

100 


_ 

•cc6 

Average Power Supply Current, CA$ Before Ra? 

TC5 1 4400APL/AJUASJL/AZL-80 

- 

85 

mA 

B 


Mode (US, US Cycling: t R c = t RC MIN.) 

TC514400API/AJI/ASJL/AZL-10 

- 

75 


HI 

•CC7 

Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 
(US=US Before US Cycling or 0.2V, 01 = V C c - 0.2V, WRITE = V cc - 
0.2V, AO-9 =* Vcc -0.2V or 0.2V, 1/01-4 = V CC - 0.2V, 

0.2V or OPEN : t RC = 125ps, t RA $ = 300ns -Ips) 

- 

400 

pA 

3, 6 

'CC7 

Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 
(US-ZaS Before U S Cycling or 0.2V, OE=V C c-0.2V, WRITE = V C c- 
0.2V, A0— 9 * V C c - 0.2V or 0.2V, 1/01-4* V CC - 0.2V, 

0.2V or OPEN : t RC = 125ps, tR A $ = tRAS MIN. -300ns) 

1 

300 

pA 

1 

*1 (l) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V£ V jn £ 6.5V, All Other Pins Not Under Test = 0V) 

-10 

10 

pA 

■ 

US 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, 0V :£ V 0U t S 5.5V) 

-10 

10 

pA 

■ 

V OH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut^ -5mA) 

D 

■ 

D 

■ 

V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

■ 

D 

D 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

' ~~ ” (V C c = 5V+ 10%, Ta = 0~70°c) (Notes 7, 8, 9) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 



TC514400APL/ 

AJL/ASJL/AZL-70 

TC514400APL/ 

AJL/ASJL/AZL-80 

TC514400AP17 
AJL/ASJ L/AZL- 10 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


Read Command Hold Time referenced 
to RAS 


Write Command Hold Time 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


Data Set-Up Time 


Data Hold Time 


Refresh Period 


Write Command Set-UP Time 


CAS to WRITE Delay Time 


RAS to WRITE Delay Time 


Column Address to WRlTE Delay Time 


CAS Precharge to WRITE Delay Time 


CAS Set-Up Time 
(CAS before RaS Cycle) 


CAS Hold Time 
(CAS before RAS Cycle) 


RaS to CAS Precharge Time 


CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 


RaS Hold Time referenced to OE 


0? Access Time 


OR to Data Delay 


Output buffer turn off Delay Time 


tOEH 

OE Command Hold Time 

20 

tWTS 

Write Commamd Set-Up Time 
(Test Mode In) 

10 

twTH 

Write Commamd Hold Time 

(Test Mode In) 

10 

twRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

twRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 


UNITS 

NOTES 

ns 

12 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE 


SYMBOL 

PARAMETER 

TC514400APIV 

AJL/ASJL/AZL-70 

TC514400APL/ 

AJl/ASJL/AZL-80 

TC514400API/ 

AJ L/ASJ L/AZL- 1 0 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

*RC 

Random Read or Write Cycle Time 

135 

- 

155 


185 

- 

■9 


tRMW 

Read-Modify-Write Cycle Time 

190 

- 

210 

- 

250 

- 

D 


*PC 

Fast Page Mode Cycle Time 

50 

- 

55 

- 

65 

- 

ns 


*RMR 

Fast Page Mode Read-Modify-Write 

Cycle Time 

190 

- 

210 

- 

250 

- 

ns 


tRAC 

Access Time from RAS 

- 

75 

- 

85 

- 

105 

ns 

10,15 

16 

^CAC 

Access Time from CAS 

- 

25 

- 

25 

- 

30 

■9 

9,15 

W 

Access Time from Column Address 

- 

40 

- 

45 

- 

55 

■9 

9,16 

*CPA 

Access Time from Ca$ Precharge 

- 

40 

- 

50 

- 

60 

■9 

10 

^RAS 

TO Pulse Width 

75 

10,000 

85 

10,000 

105 

10,000 

■9 


tRASP 

Ka 5 Pulse Width (Fast Page Mode) 

75 

100,000 

85 

200 , obo 

105 

200,000 

E9 


*R$H 

Ra$ Hold Time 

25 

- 

25 

- 

30 

- 

■9 


kSH 

CAS Hold Time 

75 

- 

85 

- 

105 

- 

m 


tRHCP 

CaS Precharge to RAS Hold Time 

45 

- 

55 

- 

65 

- 

E9 


t CAS 

TO Pulse Width 

25 

10,000 

25 

10,000 

30 

. 10,000 

99 


*RAL 

Column Address to RAS Lead Time 

40 

! 

45 

- 

55 

- 

99 


tcwo 

CAS to WRITE Oelay Time 

55 

- 

55 

- 

65 

- 

99 

14 

^RWO 

RA!> to WITTE Delay Time 

105 

- 

ns 

- 

140 

- 

99 

14 

tAWO 

Column Address to WRITE Delay Time 

70 

- 

75 

- 

90 

- 

99 

14 

tcpwo 

CAS Precharge to WRITE Delay Time 

75 

- 

80 

- 

95 

- 

99 

14 

*0EA 

UE Access Time from 

- 

25 

- 

25 

- 

30 

99 


tQEH 

EiE Command Hold Time 

25 

- 

25 

- 

30 


99 



CAPACITANCE (Vrr = 5V 1 10%. f=1MHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C.i 

Input Capacitance (A0-A9) 

- 

5 

pF 

C.2 

Input Capacitance (TO, TO, WRITE, UE) 

- 

7 

pF 

Co 

Input/Output Capacitance (1/01-1/04) 

- 

7 

PF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss* 

3. Icci. IcC3» ICC4, IcC6, ICC7 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vil and CAS=Vih- 

6. tRAS(max.) = lps is only applied to refresh of battery-back up. tRAS(max.) = lOps is applied to 

functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume tT = 5ns. 

9. Vih (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

10. Measured with a load equivalent to 2 TTL loads and XOOpF. 

11. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

12. Either tRCH or tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

14. t\vcs> tRWD, tcwD, tAWD and tcp\VD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcS^tWCS (min.), the cycle is an early 
write cycle and the . data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWD^ tRWD (min.), tcwD^tcwD (min.) , tAWD *= tAWD (min.) and tcpwD^tcpwD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC. 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE 



"H" or "L" 
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15<L 


tRC 


>1 


HIDDEN REFRESH CYCLE (READ) 
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CSS BEFORE 555 REFRESH COUNTER TEST CYCLE 
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TEST MODE 

The TC514400APL/AJL/ASJL/AZL is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. Aoc is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s or 
“0”s), the I/O pin indicates a“l”. 

If they were not equal, the I/O pin would indicate a “0”. Fig.l shows the block diagram of 
TC5 14400 APL/AJL/ASJL/AZL. In ‘Test Mode”, the 1MX4 DRAM can be tested as if it were a512KX4 
DRAM. 

“WRITE, CAS Before RAS Refresh Cycle puts the device into “Test Mode”. And “CAS Before RaS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into "Normal Mode”. In the Test Mode, 
“WRITE, CAS Before RAS Refresh Cycle” Performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/2 in case of N test pattern). 
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NOTES 



1,048,576 WORD x 4 BIT DYNAMIC RAM 


* This is advanced information and specifications 
are subject to change without notice. 


DESCRIPTION 

The TC514402J/Z is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514402J/Z utilizes TOSHIBA’S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514402J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size provides 
high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include sinlge power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families 
such as Schottky TTL. 


FEATURES 


• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 


~ i 

TC514 402J/Z-80/-1 0 

2223 

RAS Access Time 

80ns 

100ns 


Column Address 
Access Time 

40ns 

50ns 

t CAC 

CS Access Time 

20ns 

25 ns 

c RC 

Cycle Time 

150ns 

180ns 

tsc 

Static Column 
Mode Cycle Time 

45ns 

55ns 


• Single power supply of 5V±10% with a 


built-in Vgg generator 


• Low Power 

578mW MAX. Operating (TC514402J/Z-80) 
495mW MAX. Operating (TC514402J/Z-10) 
5.5mW MAX. Standby . 

• Outputs unlatched at cycle end allows 

two-dimensional chip selection 

• Read-Modify-Write, CST before RAS refresh, 

RAS-only refresh, Hidden refresh and 
Static Column Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/16ms 

• Package Plastic SOJ: TC514402J 

Plastic ZIP: TC514402Z 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 

Ks 

pi/04 
24 p 1/03 
23UV5 
220^ 



Plastic ZIP 

m 

1/03 
V S S 
1/02 
RAS 


Tj 
M 
53 
11 
S 3 

A °pTj 
A2 
V CC 
A5 


P 
P 

m 

A7p3 


Iz Vs 
EX 1/04 
IJ. 1/0 1 

[£ WRITE 
OS A9 
ai 

[l'i A3 
Q5 A4 
[18 A6 

as 


PIN NAT4ES 


A0 ~ A9 

Address Inputs 

rSs 

Row Address Strobe 

CS 

Chip Select 

WRITE 

Read/Write Input 

0E 

Output Enable 

1/01 -v. 1/04 

Data Input/Output 

Vcc 

Power (+5V) 

V SS 

Ground 


BLOCK DIAGRAM 


v cc v ss 

f I 


WRITE O- 




£ 


No. 2 CLOCK 
GENERATOR 


A0 C 
Al o— *■ 
A20-- 
A30-*. 
A4C 
A5o-*j 
A6 c 
A7c 
A8c 
A 9 0-4 


K\ COLUMN 

10 A ADDRESS, . 
M BUFFERS (I0)r 


REFRESH 

CONTROLLER 


LS 


REFRESH 

COUNTER(IO) 


ROW 


10)1 BUFFERS (10) 


I/O l 1/02 1/03 1/04 

MM 


Ss. 


1 DATA 

IN 1 

| BUFFERS | 



n. 


5L 


DATA OUT 
BUFFERS 


u 




> OE 


10 


* 


COLUMN 

DECODER 


SENSE AMP. kH 
I/O GATE OA 


10, 


RaSo—h 


No. 1 CLOCK i — 
GENERATOR 


£ Q 

88 

w 

a 


1024 


-1024- 
x 4 


MEMORY 

ARRAY 

1024x1024x4 


SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 


Input Voltage 


Output Voltage 


Power Supply Voltage 


Operating Temperature 


Storage Temperature 


Soldering Temperature • Time 


Power Dissipation 


Short Circuit Output Current 


SYMBOL 


VIN 


VOUT 


V C C 


t opr 


t solder 


Pd 


pout 



-1*7 


0 ^ 70 


-55^150 


260 • 10 


600 


50 


UNITS 


V 


V 


V 


C 


C 


°C • sec 


mW 


mA 



RECOMMENDED DC OPERATING CONDITIONS (Ta-0*70°C) 



SYMBOL 

PARAMETER 

Vec 

Supply Voltage 

VlH 

Input High Voltage 

V IL 

Input Low Voltage 



DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0 W0°C) 


SYMBOL 

PARAMETER i 

CTTH 

rm 

UNITS 

fSSSm 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS , CS , Address Cycling: t RC «t RC MIN.) 

TC5 144 02J 
/Z-80 

- 

105 

mA 

3,4,5 

TC514402J 

/Z-10 

- 

90 

TCC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V ih ) 

■ 


mA 

■ 

I CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS^Vjij: t R c=t R c 

TC514402J 

/Z-80 

- 

105 

mA 

Hj 


- 

90 

I CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column Mode 
(RAS=CS=V IL , Address Cycling: tgc'tSC MIN.) 

TC514402J 

/Z-80 


85 

mA 

3,4,5 

TC514402J 

/Z-10 

- 

75 

Bj 

STANDBY CURRENT 

Power Supply Standby Current 
(RA§=CS-V cc -0.2V) 

B 

■ 

mA 

■ 

B 

CS BEFORE RAS REFRESH CURRENT _ 

Average Power Supply Current, CS Before RAS Mode 
(RAS, CS Cycling: t RC =t RC MIN.) 

TC514402J 

/Z-80 

- 

105 

mA 

3 

TC514402J 

/Z-10 

- 

90 

1 ia> 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0VS Vjn= 6.5V, All Other Pins not under Test^OV) 

-10 

10 

yA 

■ 


OUTPUT LEAKAGE CURRENT 

(D out is disabled, 0V i V 0UT < 5 . 5V) 

-10 

10 

pA 

B 

v OH 

OUTPUT LEVEL 

Output n H" Level Voltage (Iout””"^ 11 ^) 

a 

- 

B 

B 

V OL 

OUTPUT LEVEL 

Output "L" Level Voltage (IquT*^ • 2roA) 

- 

0.4 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

t RMW 

Read-Mo dify-Write Cycle Time 

t SC 

Static Column Mode Cycle Time 

C SRMW 

Static Column Mode Read-Modify-Write 
Cycle Time 

c RAC 

Access Time from RAS 

t CAC 

Access Time from CST 

£ aa 

Access Time from Column Address 

t ALW 

Access Time from Last Write 

0*991 

CAS to Output in Low-Z 

t OFF 

Output Buffer Turn-off Delay 

c AOH 

Output Data Hold Time from Column 

Address 

C 0W 

Output Data Enable Time from WRITE 

t T 

Transition Time (Rise and Fall) 


RAS Precharge Time 

t RAS 

RAS Pulse Width 

t RASC 

RAS Pulse Width (Static Column Mode) 

t RSH 

RAS Hold Time 

tCSH 

CS Hold Time 

n 

CS Pulse Width 


CS Pulse Width (Static Column Mode) 

1 t RCD 

RAS to £5 Delay Time 

BB 

RAS to Column Address Delay Time 

bttm 

CS to RAS Precharge Time 

la 

CS” Precharge Time 

t ASR 

Row Address Set-Up Time 

t RAH 

Row Address Hold Time 

tASC 

Column Address Set-Up Time 

c CAH 

Column Address Hold Time 

t AWR 

Write Address Hold Time referenced to 

Ka§ 

t AR 

Column Address Hold Time referenced to 
RAS 

t RAL 

Column Address to RAS Lead Time 


(V C( ~5V±10Z, Ta-0 -v 70°C) (Notes 6, 7, 8) 


TC514402J/Z TC514402J/Z 

-80 -10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(V CC =5V±10Z, Ta-0-70°C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514402J/Z 

-80 

TC514402J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


tsc 

Static Column Mode Cycle Time 

50 

- 

60 

- 

ns 


tRAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

9.14,15 

t CAC 

Access Time from CS 

- 

25 

- 

30 

ns 

9,14 

C AA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

9,15 

tRAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


c RASC 

TAS Pulse Width (Static Column Mode) 

85 

200,000 

105 

200,000 

ns 


tRSH 

TAS Hold Time 

25 

- 

30 

- 

ns 


tCSH 

CS Hold Time 

85 

- 

105 

- 

ns 


tcs 

CS Pulse Width 

25 

10,000 

30 

10,000 

ns 


^CSC 

CS Pulse Width (Static Column Mode) 

25 

200,000 

30 

200,000 

ns 


C RAL 

Column Address to RAS Lead Time 

45 

- 

55 

- 

ns 
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CAPACITANCE (Vcc*5V±10%, f *lMHz , Ta-0v70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (A0'vA9) 

- 

5 

pF 

Cl2 

Input Capacitance (RAS, CS", WRIT! , 0!) 

- 

7 

c 0 

Input Output Capacitance (1/01^1/04) 

- 

7 


NOTES: 

1. Stresses greater than those listed under ’’Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgs* 

3. I CC1» t CC3* i CC4» i CC 6 depend on cycle rate. 

4. ^CCI* ^CC4 depend on output loading. Specif icied values are obtained with the 
output open. 

5. Column address can be changed once or less while RAS-Vjl . 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only 
refresh cycles before proper device operation is achieved. In case of using 
internal refresh counter, a minimum of 8 CS before RAS refresh cycles instead 
of 8 RAS only refresh cycles .are required. 

7. AC measurements assume t^^ns. 

8. VjnOnin.) and VjL(max.) are reference levels for measuring timing of input sig- 
nals. Also, transition times are measured between and V^. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. tQpp(max.) and tQgr^max.) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

11. Either tpQj or t^g must be satisfied for a read cycle. 

12. These parameters are referenced to CS leading edge in early write cycles and to 
WRITE leading edge in Read-Modify-Write cycles. 

13. tycs* t RWD» t CWD and C AWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If tycsi^WCS^ 111111 * ) » 
the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) through the entire cycle; If t R yp£tRyi)(min.) , tcyp^tQyjjCmin. ) and 
t AWD* t AWD( inin « ) » t* 16 cycle is a Read-Modify-Write cycle and the data out will con- 
tain data read from the selected cell: If neither of the above sets of conditions 
is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t R cD( max «) limit insures that tRAc(max.) can be met. 

t rc^ 3 ( max • ) is specified as a reference point only: If tRCD is greater than the 
specified tRc D (max.) limit, then access time is controlled by t^Q. 

15. Operation within the t R ^)(max.) limit insures that tR^Q(max.) can be met. 
tRAj)( m a x .) is specified as a reference point only: If tp^ is greater than the 
specified tp^j)(max. ) limit, then access time is controlled by t^. 

16. Operation within the tLyAD^ max ’^ limit insures that t^L W (max.) can be met. 
t LWAD^ max# ) is specified as a reference point only: If t LWAD is greater than the 
specified tLWAD(max.) limit, then access time is controlled exclusively by t^A. 

17. t^H is the condition to latch column address when RAS has rised up. 
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STATIC COLUMN MODE READ CYCLE 
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE 
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HIDDEN REFRESH CYCLE (REAP) 
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I/O 1—1/04 xr 

V 1L — 

READ-MODIFY-WRITE CYCLE 

f v ih— 777777 


*DS I t DH 



( VALID DATA-IN 



, , .. n 

*AWD 

t RCS 

tcWD 



r .. 

V 

1 



\ 

I 1 * 




Will 


J 

t OED 

tCLZ 

t C AC 

Krx. 


‘OEZ t DS 

bp.Jl 


1/01-1/04 


VALID 

DATA-IN 


P777I : "H" or "L" 


VALID DATA-OUT 
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WRITE, CS BEFORE RAS REFRESH CYCLE 



Note: OE, A0^A9: "H" or "L" 
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STATIC COLUMN MODE READ CYCLE IN THE TEST MODE 



Note: OE="L" 


VTTk : -h* 
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TEST MODE 

The TC514402J/Z is the RAH organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same way. AOC is not used. If, upon reading, two 
bits on one I/O pin are equal (all "l"s or "0"s) , the I/O pin indicates a "1". 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block 
diagram of TC514402J/Z. In "Test Mode", the 1 Mx 4 DRAM can be tested as if it were 
a 512Kx 4 DRAM. 

"WRITE, C1T Before RAS Refresh Cycle" puts the device into "Test Mode". And "C3 
Before RAS Refresh Cycle" or "RA£> Only Refresh Cycle" puts it back into "Normal 
Mode". In the Test Mode, "WRITE, C!> Before RAS Refresh Cycle" performs the refresh 
operation with the internal refresh address counter. The "Test Mode" function re- 
duces test times (1/2 in case of N test pattern). 
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Fig. 1 
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1048,576 WORD x 4 BIT DYNAMIC RAM 


* This is advanced information and specifica- 
tions are subject to change without notice. 


DESCRIPTION 

The TC514402AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC5 14402 AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC514402AP/AJ/ASJ/AZ to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performace logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 



TC5 1 4402AP/AJ/ASJ/ AZ - 60 

tRAC RA5 Access Time 

60ns 

t AA Column Address Access Time 

30ns 

tcAC CS Access Time 

20ns 

tRc Cycle Time 

110ns 

ts C Static Column f/iode 

Cycle Time 

35ns 


PIN NAMES 


A0~A9 

Address Inputs 

OE 

Output Enable 

HAS 

Row Address Strobe 

<3- 

O 

7 

o 

Data InpuVOutput 

cS 

Chip Select 

v C c 

Power ( + |>V) 

WRITE 

Read/Write Input 

V S s 

Ground 


• Single power supply of 5V±10% 
with a built-in Vbb generator 

o Low Power 

660mW MAX. Operating 

(TC5 14402 AP/AJ/ASJ/AZ - 60) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows 
two-dimensional chip selection 

• Read-Mo dify-W rite, CS before RAS 
refresh, RAS-only refresh, Hidden 
refresh, Static Column Mode and 
Test Mode capability 

• All inputs and outputs TTL Compatible 

• 1024 refresh cycles/1 6ms 

• Package 

TC514402AP : DIP20-P-300C 

TC514402AJ : SOJ26-P-350 

TC514402ASJ : SOJ26-P-300A 
TC514402AZ : ZIP20-P-400A 

BLOCK DIAGRAM 


PIN CONNECTION (TOP VIEW) 


l/OI 1/02 S/03 



— i 



\T~ 

3.J 

W 

5.J 

r 6 " 

7„ J 

•jf ' 

SLJ 

jjj 

To' 


«jY 

'til 

[m 

'til 

[i¥ 

til 

[i¥ 

jffi 

[ 20 ] 


Z$ 

i/04 

l/OI 

write 

A9 
A 1 
A3 
A4 
A6 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 




Input Voltage 

V, N 

- 1—7 

V 

1 

Output Voltage 

VOUT 

- 1—7 

V 

1 

Power Supply Voltage 

v cc 

- 1—7 

V 

1 

Operating Temperature 

Tqpr 

0-70 

°C 

1 

Storage Temperature 

t stg 

- 55— 1 50 

°C 

1 

Soldering Temperature -Time 

^SOLDER 

260-10 

°C • sec i 

1 

Power Dissipation 

P D 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 ■ 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

■29H 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 


Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V + 10%. Ta = 0~70°c) 


SYMBOL 

1 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

*cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS, Address Cycling: tpc^tRc MIN.) 

TC5 1 4402AP/AJ/ASJ/AZ-60 

- 

120 

mA 

■ 

1CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=tS = V, H ) 

- 

■ 


■ 

kc3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS = V tH : t R c = tRc MIN.) 

TC514402AP/AJ/ASJ/AZ-60 

- 

120 

mA 

3, 5 

*CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, STATIC COLUMN 

Mode (RAS = G> = V| L , Address Cycling: tsc = tsc MIN.) 

TC5 1 4402AP/AJ/AS J/AZ-60 


95 

mA 

3, 4 

5 

kC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CS = V cc - 0.2V) 

- 

1 

mA 


>CC6 

CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before RAS 

Mode (RAS, CS Cycling: t R c = t R c MIN.) 

TC5 1 4402 AP/AJ/ASJ/AZ-60 

- 

120 

mA 

3, 5 

'l (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV^ V, n £ 6.5V, All Other Pins Not Under Test = 0V) 

- 10 

10 

pA 


>0 (L) 

OUTPUT LEAKAGE CURRENT 

(D 0 ut is disabled, OVS V 0 U t= 5.5V) i 

- 10 

10 

pA 


V OH 

OUTPUT LEVEL 

Output "H" Level Voltage (loui = -5mA) 

2.4 

- 

V 


VOL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V C c = 5V±10%, Ta = 0~70°c) (Notes 6, 7, 8) 




TC5 1 4402AP/AJ/ASJ/AZ-60 


Random Read or Write Cycle Time 


Read-Modify-Write Cycle Time 


Static Column Mode Cycle Time 


Static Column Mode Read-Modify-Write 
Cycle Time 



tRAC 

Access Time from RAS 

- 

60 

ns 

.. 

9,14 

15 

kAC 

Access Time from CS 

- 

20 

ns 

9,14 

*AA 

Access Time from Column Address 

- 

30 

ns 

9,15 

UlW 

Access Time from Last Write 

- 

55 

ns 

9,16 

tCLZ 

CS to output in Low-Z \ 

0 

- 

ns 

9 

tOFF 

Output Buffer Turn-off Delay 

0 

20 

ns 

10 


Output Data Hold Time from Column 
Addres 

Output Data Enable Time from WRITE 
Transition Time (Rise and Fall) 

RAS Precharge Time 

RAS Pulse Width 

RAS Pulse Width (Static Column Mode) 


CS to RAS Hold Time 


RAS to CS Hold Time 


CS Pulse Width 


C? Pulse Width (Static Column Mode) 


RAS to <!S Delay Time 


RAS to Column Address Delay Time 


CS to RAS Precharge Time 


<!$ Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 



Use 

Column Address Set-Up Time 

0 

- 

ns 


*CAH 

Column Address Hold Time 

15 

- 

ns 


tAR 

Column Address Hold Time referenced 

to RAS (READ CYCLE) 

70 

- 

ns 


*RAL 

Column Address to RAS Lead Time 

30 

- 

ns 
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TC5 1 4402AP/AJ/A5J/AZ-60 


i UNITS NOTES 


tAHLW 

Last Write to Column Address Hold 

Time 

55 

- 

ns 


*RC$ 

Read Command Set-up Time referenced 

to CS 

0 

- 

ns 


tRCH 

Read Command Hold Time referenced 

to CS 

0 

- 

ns 

11 

t-RRH 

Read Command Hold Time referenced 

to RAS 

0 

- 

ns 

11 

twCH 

Write Command Hold Time 
(Output Data Disable) 

10 

- 

ns 

13 

twp 

Write Command Pulse Width 

10 

- 

ns 



twi 

Write Command Inactive Time 

*RWL 

Write Command to RAS Lead Time 

tCWL 

Write Command to CS Lead Time 

tos 

Data-In Set-Up Time 


Refresh Period 


twcs 

Write Command Set-UP Time 

(Output Data Disable) 

kwo 

CS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

*RWD 

RAS to WRITE Delay Time 
(READ-MODIFY-WRITE Cycle) 

*AWD 

Column Address to WRITE Delay Time 


CS Set-Up Time(CS before RAS) 
CS Hold Time(CS before RAS) 


"RAS to CS Precharge Time 



tCPT 

CS Precharge Time (CS before RAS 

Counter Test Cycle) 

30 

~ 

ns 


tROH 

RAS Hold Time referenced to Of 

10 

- 

ns 


tOEA 

[ OE Access Time 

- 

20 

ns 


*OED 

j OE to Data Delay 

20 

- 

ns 


*OEZ 

j Output Buffer turn off Delay Time 
from OE 

0 

20 

ns 

10 

tQEH 

OE Command Hold Time 

20 

- 

ns 
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TC51 4402AP/AJ/ASJ/AZ-60 


SYMBOL 

PARAMETER 

TC51 4402 AP/AJ/ASJ/AZ-60 





twTS 

Write Command Set-Up Time 

10 

- 

S3 


tWTH 

Write Command Hold Time 

10 

- 

ns 


twRP 

WRITE to RAS Precharge Time 

10 


ns 


tyVRH 

WRITE to RAS Hold Time 

10 

- 

■a 
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TC51 4402AP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE (Vrr = 5V± 10%, Ta = 0~70°c) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC5 1 4402AP/AJ/ASJ/AZ-60 

UNIT 

NOTES 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

115 

- 

ns 


tsc 

Static Column Mode Cycle Time 

40 

- 

ns 


tRAC 

Access Time from C5 

- 

65 

ns 

9,14 

15 

kAC 

Access Time from CS 

- 

25 

ns 

9,14 

*AA 

Access Time from Column Address 

- 

35 

ns 

9,15 

tRAS 

RAS Pulse Width 

65 

10,000 

ns 


tRASC 

RAS Pulse Width (Static Column Mode) 

65 

200,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

ns 


tcSH 

CS Hold Time 

65 

- 

ns 


tcs 

CS Pulse Width 

25 

10,000 

ns 


tcsc 

CS Pulse Width (Static Column Mode) 

25 

200,000 

ns 


*RAL 

Column Address to RAS Lead Time 

35 

- 

ns 



CAPACITANCE (Vrr = 5V± 10%. f=1MHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cm 

Input Capacitance (A0~A9) 

- 

5 

PF 

C|2 

Input Capacitance (RAS, CS, WRITE, OE‘) 

- 

7 

pF 

Co 

Input/Output Capacitance (I/O 1 — 1/04) 

- 

7 

PF 
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TC51 4402 AP/A J /AS J /AZ-60 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss* 

3. IcCl» IcC3i ICC4, ICC6 depend on cycle rate. 

4. ICC1» ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vil. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CS 
before RAH refresh cycles instead of 8 RAS refresh cycles are required. 

7. AC measurements assume tT = 5ns. 

8. Vih (min.) and Vil (max.) are reference levels for measuring timing of input signals. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 


13. twCS> tRWD, tcwD and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs= twcs (min.), the cycle is an early write cycle 
and the data out pin will remain open circuit (high impedance) through the entire cycle; If 
tRWD— tRWD (min.), tcwD— tcWD (min.) and tAWD— tAWD (min.) the cycle is a Read-Modify-Write 
cycle and the data out will contain data read from the selected cell: If neither of the above sets of 

\ s conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that Irac (max.) can be met. 

tRCD(max.)is specified as a reference point only: If tRCD is greater than the specified tRco(max.) 
limit, then access time is controlled by tcAC* 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 

16. Operation within the tLWAD (max.) limit insures that tALW (max.) can be met. 

tLWAD (max.) is specified as a reference point only: If tRAD is greater than the specified tLWAD 
(max.) limit, then access time is controlled by tAA* 

17. tAH is the condition to latch column address ewhen RAS has rised up. 
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TC51 4402 AP/A J /AS J /AZ-60 


STATIC COLUMN MODE READ CYCLE 
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TC51 4402AP/AJ/ASJ/AZ-60 


STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 


L, 


*RASC 


. tRp 
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE 
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TC51 4402 AP/A J /AS J /AZ-60 


HIDDEN REEFRESH CYCLE (WRITE 
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TC51 4402 AP/A J /AS J /AZ-60 


TEST MODE 

The TC514402AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. AOC is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s 
or “0”s) , the I/O pin indicates a “1”. If they were not equal, the I/O pin would indicate a “0”. Fig. 1 
shows the block diagram of TC5 14402 AP/AJ/ASJ/AZ. In “Test Mode”, the 1MX4 DRAM can be tested 
as if it we re a 512KX 4 DRA M. ^ 

“WRITE, US Before RAS Refresh Cycle” puts the device into ‘Test Mode”. And “US Before RAS 
Refresh Cycle “or “R AS O nly Refresh Cycle” put it back into “Normal Mode”. In the Test Mode, 
“WRITE, US Before RAS Refresh Cycle” performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/2 in cace of N test pattern). 



j 
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1048,576 WORD x 4 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC5 14402 AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514402AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC5 14402 AP/AJ/ASJ/AZ to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performace logic families such as Schottky TTL. 


FEATURES 


• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 



TC5 1 4402AP/AJ/ASJ/ AZ - 70/ - 80/ - 1 0 1 

tRAC RA$ Access Time 

70ns 

80ns 

100ns 

tAA Column Address Access Time 

35ns 

40ns 

50ns 

tcAC CS Access Time 

20ns 

20ns 

25ns 

tRc Cycle Time 

130ns 

150ns 

180ns 

t$c Static Column Mode 

Cycle Time 

40ns 

45ns 

55ns 


PIN NAMES 


A0~A9 

Address Inputs 

US 

Output Enable 

RA5 

Row Address Strobe 

I/0 1 — 1/04 

Data Input/Output 

es 

Chip Select 

Vcc 

Power ( + 5V) 

WRITE 

Read/Write Input 

Vss 

Ground 


PIN CONNECTION (TOP VIEW) 


• Single power supply of 5V ± 10% 
with a built-in Vbb generator 

• Low Power 

550m\V MAX. Operating 

(TC514402AP/AJ/ASJ/AZ - 70) 
468mW MAX. Operating 

(TC5 14402AP/AJ/ASJ/AZ - 80) 
413mW MAX. Operating 

(TC5 14402AP/AJ/ASJ/AZ - 10) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows 

two-dimensional chip selection 

• Read-Mo dify-W rite. US before RAS 
refresh, RAS-only refresh, Hidden 
refresh, Static Column Mode and 
Test Mode capability 

• All inputs ana outputs TTL Compatible 

• 1024 refresh cycles/16ms 

• Package 

TC514402AP : DEP20-P-300C 

TC514402AJ : SOJ26-P-350 

TC514402ASJ : SOJ26-P-300A 
TC514402AZ : ZIP20-P-400A 

BLOCK DIAGRAM 


Plastic DIP 


Plastic SOJ 


Plastic ZIP 





m 

hi Tf 

1/03 

hi rr 

Vss 

hi fr 

1/02 

[a" 

JOk 5 

?zi MO 

AO 

»i [iV 

A2 

m r, V 

Vcc 

Hi [»v 

A5 

m [iV 

A7 

- ,5J »! 


C5 

1/04 

l/OI 

wmrc 

A9 

A1 

A3 

A4 

A6 

A8 


WI/IOI W2/I02 W3/I03 W4/I04 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V, N 

-1*7 

V 

1 

Output Voltage 

V OUT 

- 1-7 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 

V 

1 

Operating Temperature 

Topr 

0—70 

# C 

1 

Storage Temperature 

Tstg 

-55-150 

•c 

1 

Soldering Temperature 'Time 

^solder 

260-10 

•C-sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

v C c 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V, H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

Vil 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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TC51 4402AP/AJ/ASJ/AZ— 70, TC51 4402AP/AJ/ASJ/AZ-80 

TC51 4402AP/AJ/ASJ/AZ— 1 0 


DC ELECTRICAL CHARACTERISTICS (V C c = 5V ± 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(MS, Address Cycling: t R c = t R c MIN.) 

TC5 1 4402 AP/AJ/ASJ/AZ-70 

- 

100 

mA 

3, 4 

5 

TC5 1 4402 AP/AJ/AS J/AZ-80 

- 

85 

TC5 1 4402 AP/AJ/ASJ/AZ- \0 

- 

75 

>CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(raS = 5=v,„) 

- 

2 

mA 


ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(MS Cycling. t5«V lH : t RC -t RC MIN.) 

TC5 1 4402 AP/AJ/ASJ/AZ-70 


100 

mA 

3, 5 

TC5 1 4402 AP/AJ/AS J/AZ-80 

- 

85 

TC5 1 4402 AP/AJ/ASJ/AZ-1 0 

- 

75 

•CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, STATIC COLUMN 

Mode (BaI - <!5 = V IL , Address Cycling: tsc = t$ c MIN.) 

TC5 1 4402 AP/AJ/ASJ/AZ-70 

- 

85 

mA 

3, 4 

5 

TC514402AP/AJ/ASJ/AZ-80 

- 

75 

TC5 14402 AP/AJ/ASJ/AZ- 10 

- 

70 

lees 

STANDBY CURRENT 

Power Supply Standby Current 
(RA!> = <!? = V CC - 0.2V) 


1 

mA 


B 

ZS BEFORE MS REFRESH CURRENT 

Average Power Supply Current, t? Before BAS 

Mode (RA$, ZS Cycling: t R c = t R c MIN.) 

TC5 1 4402 AP/AJ/ASJ/AZ-70 

_ 

100 

mA 

3, 5 

TC5 1 440 2 AP/AJ/AS J/AZ-80 

- 

85 

TC514402AP/AJ/ASJ/AZ-10 

- 

75 

mi 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V3V IN 3 6.5V, All Other Pins Not Under Test = 0V) 

- 10 

10 

iiA 


*0 (L) 

OUTPUT LEAKAGE CURRENT 
(Dout »s disabled, 0V3V O utS5.5V) 

-10 

10 

pA 


V 0 H 

OUTPUT LEVEL 

Output "H* Level Voltage (Iout= -5mA) 

2.4 

- 

V 


Voi 

OUTPUT LEVEL 

Output "L" Level Voltage (Iout = 4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V C C ~ 5V ± 10%, Ta = 0— 70°c) (Notes 6, 1 , 8) 


SYMBOL 


PARAMETER 


tRC 


Random Read or Write Cycle Time 


*RMW 


Read-Modify-Write Cycle Time 


tsc 


Static Column Mode Cycle Time 


tSRMW 


Static Column Mode Read-Modify-Write 
Cycle Time 


tRAC 


Access Time from RAE 


tCAC 


Access Time from EE 


Ua 


Access Time from Column Address 


tALW 


Access Time from Last Write 


tciz 


CE to output in Low-2 


tQFF 


Output Buffer Turn-off Delay 


Uoh 


Output Data Hold Time from Column 
Add res 


tow 


Output Data Enable Time from WRITE 


Transition Time (Rise and Fall) 


tRP 


RaS Precharge Time 


tRAS 


IaE Pulse Width 


tRASC 


AAS Pulse Width (Static Column Mode) 




EE to AaS Hold Time 


ksH 


ME to EE Hold Time 


ks 


EE Pulse Width 


ksc 


EE Pulse Width (Static Column Mode) 


tRCO- 


ME to EE Delay Time 


tRAO 


ME to Column Address Delay Time 


*cr p 


EE to kAS Precharge Time 


tcp 


EE Precharge Time 


U$R 


Row Address Set-Up Time 


tRAH 


Row Address Hold Time 


UsC 


Column Address Set-Up Time 


*CAH 


Column Address Hold Time 


tAR 


Column Address Hold Time referenced 
to ME (READ CYCLE) 


tRAl 


Column Address to RAE Lead Time 


tAH 


Column Address Hold Time referenced 
to ME Rise 


TC514402AP/ TCS14402AP/ TC514402AP/ 

AJ/ASJ/AZ-70 AJ/ASJ/AZ-80 AJ/ASJ/AZ-10 UNlT N0TES 

MIN. I MAX MIN. I MAx! MIN I MAX 
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SYMBOL 

PARAMETER 

tlWAD 

Last Write to Column Address Delay 

Time 

Uhlw 

Last Write to Column Address Hold 

Time 

tRCS 

Read Command Set-up Time referenced 

to Z5 


TC514402AP/ TC514402AP/ TC514402AP/ 


MIN. MAX, MIN. MAX. MIN. MAX. 


Read Command Hold Time referenced 
to C? 



twp 

Write Command Pulse Width 

twi 

Write Command Inactive Time 

tftWL 

Write Command to RA§ Lead Time 

*CWl 

Write Command to C? Lead Time 

tos 

Data-In Set-Up Time 

^OH 

Data-In Hold Time 

tREF 

Refresh Period 

t-WCS 

Write Command Set-UP Time 

(Output Data Disable) 



tAWD 

Column Address to WRITE Delay Time 

kSFt 

C? Set-Up Time(<!5 before RAS ) 

kHR 

<!? Hold Time(<!5 before RAS) 

tRPC 

Ra$ to <15 Precharge Time 




RA? Hold Time referenced to 0? 


<5? Access Time 


01 to Data Delay 


Output Buffer turn off Delay Time 
from 


(5T Command Hold Time 


UNITS 

NOTES 

ns 

16 


05 to WrTTF Delay Time 
(READ-MODIFY-WRITE CYCLE) 

50 

i 

50 
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SYMBOL 

PARAMETER 

TC5144Q2AP/ 

AJ/ASJ/AZ-70 

TC514402AP/ 

AJ/ASJ/AZ-80 

TC5U402AP/ 

AJ/ASi/AZ-tO 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

mm 

Write Command Set-Up Time 

mm 

- 

■Q 

- 

■Q 

mem 

m 


twTH 

Write Command Hoid Time 

■B3 

- 

mm 

- 

ma 


m 


t W RP 

WRITE to RAS Precharge Time 

mm 

- 

mm 

- 

mm 


m 


twRH 

WRITE to RAS Hold Time 

mm 

- 

ma 


mm 


aa 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE (Vrr = 5V + 10%, Ta = 0~70°c) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514402AP/ 

AJ/ASJ/AZ-70 

TC514402AP/ 

AJ/ASJ/AZ-80 

TC514402AP/ 

AJ/ASJ/AZ-10 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

*RC 

Random Read or Write Cycle Time 

135 

- 

mm 


■3 

- 

m 


tRMW 

Read-Modify-Write Cycle Time 

■KEI 

- 


- 

HI 

- 

H 


tsc 

Static Column Mode Cycle Time 

mn 

- 

HI 

- 

mm 

- 

mm 


tsRMW 

Static Column Mode Read-Modify-Write 
Cycle Time 

105 

- . 

,15 

- 


- 

D 


■ 

Access Time from EE 

- 

75 

- 


- 

105 

ns 

9,14 

15 

H 

Access Time from E5 

- 

25 

- 

25 

- 

30 

m 

9,14 

Ua 

Access Time from Column Address 

- 

40 

- 

45 

- 

50 

EM 

raa 

tALW 

Access Time from Last Write 

- 

70 

- 

80 

- 

100 

mm 

9,16 

tRAS 

RA? Pulse Width 

mm 


mm 

10,000 

IH9 

10,000 

H 


tRASC 

RA5 Pulse Width (Static Column Mode) 

75 

200,000 

mm 


■9 

200,000 

r* 


tRSH 

RA5 Hold Time 

25 

- 

mm 

- • 

mm 

- 

mn 


kSH 

^5 Hold Time 

75 

- 

mm 

- 

mm 

- 

mm 

■■ 

tcs 

£5 Pulse Width 

HI 

10,000 

mm 

10,000 

mn 

10,000 

H 

HB 

tcsc 

<!5 Pulse Width (Static Column Mode) 

an 

200,000 

mm 

200,000 

30 

200,000 j 

B 

II 

tRAL 

Column Address to JtAS Lead Time 

HI 

- 

mm 

- 

55 

- 

mn 

■■ 

*CWD 

E? to WRITE Delay Time 

mn 

- 

60 

- 

HI 

- 

m 


tRWO 

RaE to WRITE Dalay Time 


- 

mm 

- 

mm 

- 

m 

mm 

tAWO 

Column Address to WRITE Delay Time 

mm 

- 

mn 

- 

HI 

- 

a 

mm 

tOEA 

Access Time 

- 

25 

- 

25 

- 

30 

m 


*OED 

<51 to Data Delay 

mn 

- 

mn 

iMEHi 

HI 

- 

o 

■ I 

*OEH 

(TE Command Hold Time 

mn 

- 

mn 

■ 

MCI 

- 

m 

■ ■ 


CAPACITANCE (Vrr = 5V± 10%. f=1MHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C,i 

Input Capacitance (A0-A9) 

- 

5 

PF 

C.2 

Input Capacitance (RAS, E5, WRITE, UE) 

- 

7 

PF 

c o 

Input/Output Capacitance (1/01-1/04) 

- 

7 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci» IcC3» ICC4. ICC6 depend on cycle rate. 

4. Icci> IcC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RaS = Vjl and Vni. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 US 
before RAS refresh cycles instead of 8 RAS refresh cycles are required. 

7. AC measurements assume tT = 5ns. 

8. Vih (min.) and ViL,(max.)are reference levels for measuring timing of input signals. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to US leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. t\vcs» tRWD» tcwD and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs— twcs (min.), the cycle is an early write cycle 
and the data out pin will remain open circuit (high impedance) through the entire cycle; If 
tRWD— tRWD (min.), tcwD^ tcwD (min.) and tAWD — tAWD (min.) the cycle is a Read-Modify-Write 
cycle and the data out will contain data read from the selected cell: If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the Ircd (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 

16. Operation within the t^WAD (max.) limit insures that tALW (max.) can be met. 

tlAVAD (max.) is specified as a reference point only: If tRAD is greater than the specified tLWAD 
(max.) limit, then access time is controlled by tAA- 

17. tAH is the condition to latch column address ewhen RAS has rised up. 
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TC5 T4402AP/AJ/AS J/AZ-70, TC51 4402AP/AJ/ASJ/AZ-80 
TG51 4402AP/AJ/ASJ/AZ-1 0 
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STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE 
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TC51 4402AP/AJ/AS J/AZ-7G, TC51 4402AP/AJ/ASJ/AZ-80 
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STATIC COLUMN MODE READAVRITE MIXED CYCLE 



A-456 
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Mg ONLY REFRESH CYCLE 








TC5 1 4402 AP/A J/AS J/AZ-70, TC51 4402AP/AJ/ASJ/AZ-80 
TG51 4402AP/AJ/AS J/AZ-1 0 





TC51 4402AP/AJ/ASJ/AZ— 70, TC51 4402AP/AJ/ASJ/AZ-80 

TC51 4402AP/AJ/ASJ/AZ— 1 0 


HIDDEN REFRESH CYCLE (READ) 


tRC 







TC51 4402 AP/A J/AS J/AZ-70, TC51 4402AP/AJ/ASJ/AZ-80 
TC51 4402AP/AJ/AS J/AZ-1 0 


HIDDEN REFRESH CYCLE (WRITE' 




TC51 4402AP/AJ/ASJ/AZ-70, TC51 4402AP/AJ/ASJ/AZ-80 

TC51 4402AP/AJ/ASJ/AZ— 1 0 












TC51 4402AP/AJ/ASJ/AZ-70, TC51 4402AP/AJ/ASJ/AZ-80 
TC51 4402AP/AJ/ASJ/AZ-1 0 



TC51 4402AP/AJ/ASJ/AZ— 70, TC51 4402AP/AJ/ASJ/AZ-80 

TC51 4402AP/AJ/ASJ/AZ— 1 0 


TEST MODE 

The TC5 14402 AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 
retrieved the same way. AOC is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s 
or “0”s) , the I/O pin indicates a “1”. If they were not equal, the I/O pin would indicate a “0”. Fig. 1 
shows the block diagram of TC514402AP/AJ/ASJ/AZ. In “Test Mode”, the 1MX4 DRAM can be tested 
as if it were a 512KX4 DRAM. 

“WRITE, US Befo re R AS Refresh Cycle” puts the device into “Test Mode”. And “US Before RAS 
Refresh Cycle “or “R AS O nly Refresh Cycle” put it back into “Normal Mode”. In the Test Mode, 
“WRITE, CS Before RAS Refresh Cycle” performs the refresh operation with the internal refresh 
address counter. The “Test Mode” function reduces test times (1/2 in cace of N test pattern). 
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BLOCK DIAGRAM IN THE TEST MODE 



Fig. 1 
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1,048,576 WORD x 4 BIT DYNAMIC RAM 


* This is advanced information and specifications 
are subject to change without notice. 


DESCRIPTION 

The TC514410J/Z is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514410J/Z utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514410J/Z to be pack- 
aged in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size 
provides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power sup- 
ply of 5V±10% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 


FEATURES 


• 1,048,576 word by 4 bit organization 
« Fast access time and cycle time 



TC514410J/Z-80/-10 

i£SE9 


80ns 

100ns 

tAA 

Column Address 
Access Time 

40ns 

50ns 

c CAC 

CA§ Access Time 

20ns 

25ns 

mm 

Cycle Time 

150ns 

180ns 

a 

Fast Page Mode 
Cycle Time 

50ns 

60ns 


• Single power supply of 5V±10% with a 


built-in Vgs generator 
PIN CONNECTION (TOP VIEW) 


Low Power 

578mW MAX. Operating (TC514410J/Z-80) 
495mW MAX. Operating (TC514410J/Z-10) 

5 . 5mW MAX. Standby 

Outputs unlatched at cycle end allows 
two-dimensional c hip selecti on 
Read -Modif y-Write , CAS before RAS refresh 
RAS-only refresh, Hidden refresh, Write 
Per Bit and Fast Page Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/16ms 
Package Plastic SOJ: TC514410J 
Plastic ZIP: TC514410Z 


Plastic SOJ Plastic ZIP 


CAS 

W4/I04 

wvtoi 

WB/iVE 

A9 

A1 

A3 

A4 

A6 

A8 


PIN NAMES 


AQ% A9 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

WB/WE 

Write Per' Bit/Read/ 

Write Input 

m 

Output Enable 

W1/I01 % 
W4/I04 

Write Selection/ 

Data Input/Output 

Vcc 

Power (+5V) 

Vss 

Ground 


wkioi 

wyio2 


A9 


A0 
A 1 
A2 
A3 

vcc' 


¥ 

-V 

26 

1 V SS 

OE 


n 

C 2 

25 

3W4/104 

W3/103 

Aj 


[3 

24 

JWJ/I03 

V SS 

V] 

4 m 

[4 

23 

]GA§ 

W2/IQ2 

ij 

L.6 

r*; 

[ 5 

22 

JOE 

RAS 

S3 

{__8 

[9 

18 

JA8 

A0 

Sj 

UP. 

[iY 

£10 

17 

]A7 

A2 

13j 

TiT 

£11 

16 

]A6 

V CC 

Is] 

l 14 . 

fj"g" 

£ 12 

15 

JA5 

A 5 

ill 

r, - - 

£13 

14 

]A4 

A7 

J£] 

•_1JB 

[20 


BLOCK DIAGRAM 


v cc v ss 


W2/I02 W 4/104 
Wl/IOl W 3/103 

IT??, 

El 2 I 



A-465 


















TC51 441 0J/Z-80 
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ABSOLUTE MAXIMUM RATINGS 

ITEM 

SYMBOL 

Input Voltage 

VlN 

Output Voltage 

VoUT 

Power Supply Voltage 

Vcc 

Operating Temperature 

t OPR 

Storage Temperature 

tstg 

Soldering Temperature* Time 

tsolder 

Power Dissipation 

Pd 

Short Circuit Output Current 

tout 


HATING 




-1*7 


-1*7 



RECOMMENDED DC OPERATING CONDITIONS (Ta*0*70°C) 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta«0*70°C) 


SYMBOL 

PARAMETER | 

mu 

ess 

UNITS 

NOTES | 

Peel 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t RC” t RC MIN.) 

TC514410J/Z-80 

- 

105 



TC514410J/Z-10 

- 

90 

I CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V IH ) 

B 

B 

mA 


X CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS^Vjh: tRC^RC MIN.) 

TC514410J/Z-80 

B 

fm 

mA 

3,5 

TC51441QJ/Z-10 

- 

90 

I CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS-V^l, cas » Address Cycling: t.p C =tp C MIN.) 

TC514410J/Z-80 

- 

75 

mA 

3,4,5 

TC514410J/Z-10 

- 

65 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 
( RAS-CAS- V cc -0 . 2 V) 

B 

B 

mA 


I CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: t R c=t RC MIN.) 

TC514410J/Z-80 

m 

105 

mA 


TC514410J/Z-10 

- 

90 

na) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V<Vxn< 6 * 5V, All Other Pins Not Under Test=0V) 

-10 

10 

PA 

■ 

T 0(L) 

OUTPUT LEAKAGE CURRENT 

(D out is disabled, 0V<V o(JT <5 .5V) 

-10 

10 

pA 

■ 

V OH 

OUTPUT LEVEL 

Output "H" Level Voltage (Lqut = ~5iiiA) 

D 

- 

D 

■ 

O 

> 

OUTPUT LEVEL 

Output "L" Level Voltage (IquT*^ . 2mA) 


0.4 

V 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V cc -5V±m, Ta-tWO'C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

c RC 

Random Read or Write Cycle Time 

C RMW 

Read-Modify-Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

C PRMW 

Fast Page Mode Read-Modify-Write Cycle 
Time 

tRAC 

Access Time from RAS 


Access Time from CAS 

t AA 

Access Time from Column Address 

t C?A 

Access Time from CAS Precharge 

*-CLZ 

CAS to Output in Low-Z 



Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 
RAS Precharge Time 




RAS Hold Time 

CAS Hold Time 

CAS Precharge to RAS Hold Time 

CAS Pulse Width 

RAS to CAS Delay Time 

RAS to Column Address Delay Time 


CAS to RAS Precharge Time 
CAS Precharge Time 
Row Address Set-Up Time 
Row Address Hold Time 


Column Address Set-Up Time 
Column Address Hold Time 

Col umn Address Hold Time referenced to 
RAS 


TC514410J/Z 

-80 

TC514410J/Z 

-10 

MIN. 

MAX. 

MIN. 

MAX. 



t RAL 

Column Address to RAS Lead Time 

40 

t RCS 

Read Command Set-Up Time 

0 

t RCH 

Read Command Hold Time 

0 

t RRH 

Read Command Hold Time referenced to RAS 

0 

t WCH 

Write Command Hold Time 

15 

tWCR 

Write Command Hold Time referenced to RAS 

60 

C WP 

Write Command Pulse Width 

15 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

t RWL 

Write Command to RAS Lead Time 

t CWL 

Write Command to CAS Lead Time 

t DS 

Data Set-Up Time 

C DH 

Data Hold Time 

C DHR 

Data Hold Time referenced to RAS 

t REF 

Refresh Period 

twcs 

Write Command Set-Up Time 

c CWD 

CAS to WE Delay Time 

t RWD 

RAS to WE Delay Time 

tCPWD 

CAS Precharge to WE Delay Time 
(Fast Page Mode) 

C AWD 

Column Address to WE Delay Time 

c CSR 

CAS Set-Up Time (CAS before RAS Cycle) 

C CHR 

6aS Hold Time (CAl before RAS Cycle) 

t RPC 

RAS to CAS Precharge Time 

tcpT 

CAS P re charge Time 

(CAS before RAS Counter Test Cycle) 

tROH 

RAS Hold Time referenced to OE 

c OEA 

OE Access Time 

t OED 

OE to Data Delay 

c OEZ 

Output Buffer Turn Off Delay Time from OE 

c OEH 

OE Command Hold Time 

tWBS 

Write Per Bit Set-Up Time 

t WBH 

Write Per Bit Hold Time 

C WDS 

Write Per Bit Selection Set-Up Time 

t WDH 

Write Per Bit Selection Hold Time 

tWTS 

Write Command Set-Up Time (Test Mode In) 

t WTH 

Write Command Hold Time (Test Mode In) 

C WRP 

WE to RAS Precharge Time 
( CAS before RAS Cycle) 

C WRH 

WE to ESS Hold Time 
(CAS before RAS Cycle) 




UNITS 


ns 


ns 

ns 

ns 

ns 

ms 

ns 

ns 


ns 


ns 


ns 

ns 

ns 

ns 


ns 


ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(V CC =5V±10%, Ta=0~70°C) (Notes 6,7,8) 


SYMBOL 

PARAMETER 

TC514410J/Z 

-80 

TC514410J/Z 

-io ! 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

55 

- 

65 

- 

ns 


tRAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

9,14,15 

t CAC 

Access Time from CAS 

- 

25 

- 

30 

ns 

9,14 

l AA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

9,15 

t CPA 

Access Time from CAS Precharge 

- 

50 

- 

60 

ns 

9 

t RAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


r RASP 

RAS Pulse Width (Fast Page Mode) 

85 

200,000 

105 

200,000 

ns 


t RSH 

RAS Hold Time 

25 

- 

30 

- 

ns 


t CSE 

CAS Hold Time 

85 

- 

105 

- 

ns 


t RHCP 

CAS Precharge to RAS Hold Time 

50 


60 


ns 


c CAS 

CAS Pulse Width 

25 

10,000 

30 

10,000 

. 1 

ns 


C RAL 

Column Address to RAS Lead Time 

45 

- 

55 


ns 



CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0~A9) 

- 

5 

P F 

C I2 

Input Capacitance (RAS, CAS, WB/WE, OE) 

- 

7 

pF 

Co 

Input/Output Capacitance (W1/I01~W4/I04) 

- 

7 

pF 
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NOTES: 


1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgs* 

3. IcCl» ICC3> ICC4> ICC6 depend on cycle rate. 

4 . Icci * ^CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. Column Address can be changed once or less while RAS=Vj^ and CAS=Vjjj. 


6. An initial pause of 200 ys is required after power-up followed by 8 RAS only 
refresh cycles before proper device operation is achieved. In case of using 
inter nal refresh counter, a minimum of 8 CAS before RAS refresh cycles instead 
of 8 RAS only refresh cycles are required. 

7. AC measurements assume tj-5 ns. 

8. Vjh (min.) and VlL (max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between and Vxp. 

9. Measured with a load equivalent to 2 TTL loads and 100 pF. 

10. tQFF (max.) and toEZ (max.) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage levels. 


11. Either t P cjj or tj^ must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and 
to (WB/) WE leading edge in read-nodif y-write cycles. 


13. twCS* tRWD* t CVJD> tAWD and t CPWD are not restrictive operating parameters. They 
are included in the data sheet as electrical characteristics only, If tycS^WCS 
(min.) the cycle is an early write cycle and data out pin will remain open cir- 
cuit (high impedance) through the entire cycle; If tp^p £ tp^D (min.), 

t cm = tCWD (min.), t AWD > t AWD (min.) and t CPWD £ t CPWD (min..), the cycle is 
a read-modif y-write cycle and data out will contain data read from the selected 
cell: If neither of the above sets of conditions is satisfied, the condition of 
the data out (at access time) is indeterminate. 

14. Operation within the tpcp (max.) limit insures that tp^c (max.) can be met. 
tRCD ( max «) is specified as a reference point only: If t RC p is greater than 
the specified tpcp (max.) limit, then access time is controlled by tp A Q. 


15. Operation within the tpAp (max.) limit insures that tp^ (max.) can be met. 
t RAD (max.) is specified as a reference point only: If is greater than 

the specified tpAp (max.) limit, then access time is controlled by t^. 
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Note: D OU t«OPEN 


P77^ : "H" or "L" 



« 
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WRITE CYCLE 

RAS 

CAS 

A0-A9 

wb/we" 

OT 

W1/I01-W4/I04 

READ-MOD I FY- 

RAS 

CAS 

A0~A9 

WR/WE 

o¥ 

WI/I01-W4/I04 


(OE CONTROLLED WRITE) 
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FAST PAGE MODE WRITE CYCLE 


RAS 


CAS 


A0~A9 


WQ/WE 

OE 


W1/TQ1-W4/104 
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HIDDEN REFRESH CYCLE (READ) 



A-476 




TC51 441 0J/Z-80 
TC51 441 OJ/Z— 1 0 


HIDDEN REFRESH CYCLE (WRITE) 



Note: Do0t“OPEN 
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WE, CAS BEFORE RAS REFRESH CYCLE 


tRC 



Note: D in , OE, AO 'v, A9 « "H" 0 r "L" ^3 : "H" 


A-479 



TC514410J/Z— 80 
TC514410J/Z— 10 



Note: D in = 0PEN, 0E="L" £22]: "H" or "L 1 


WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 



■80 
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APPLICATION INFORMATION 
ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within 
the TC514410J/Z are multiplexed onto the 10 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS) , latches the 10 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS) , subsequently 
latc hes the 10 column address bits into the chip. Each of these signals, RAS and 
CAS triggers a sequence of events which are controlled by different delayed internal 
clocks. 

The two clock chains are linked together logically in such a way that the address 
multiplexing operation is done outside of the critical path timing sequence for read 
data access. The later events in the CAS clock seq uence are inhibited until the 
occurrence of a del ayed signal derived from the RAS clock chain. The ’’gated CAS" 
feature allows the CAS clock to be externally activated as soon as the Row Address 
Hole Time specification (tg^) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

% 

Data Inputs 

A write cycle is performed by bringing (WB/)WE low during the RAS/ CAS operation. 
The falling edge of CAS or (WB/)WE strobes data on (Wi)IOi into the on-chip data 
latch. To make use of the write-per-bit capability WB(/WE) must be low as RAS falls. 
In this case data bits to which the write operation is applied can be specified by 
keeping Wi(/I0i) high with set-up and hold times referenced to the RAS negative 
transition. __ 

For those data bits of Wi(/I0i) that are kept low as RAS falls the write operation 
is inhibited on the chip, if WB(/WE) is high as RAS falls, the write-per-bit capa- 
bility does not work and the write operatiofi is performed for all four data bits. 

Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out 
of two standard TTL loads. Data-out isjthe same polarity as data-in. The outputs 
are in the high-impedance state until CAS is brought low. In a read cycle the 
outputs go active after the access time interval t and tQ EA are satisfied. 

T he outputs become val id after the access time has elapsed and remains valid 
while CAS and OE are low. CAS or 0E going high returns it to a high impedance state. 
In an early-write cycle, the outputs are always in the high-impedance state. In a 
delayed-write or read -modi fy-write cycle, the outputs will follow the sequence for 
the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position 
the buffers will remain in a high impedance state. 

When the O E i nput is brought to a logical low level, the output buffers are 
enable d . Both CAS and OE can control the output. Thus in a read operation, either 
OE or CAS returning high forces the outputs into the high impedance state. 
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RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 1024 row addresses (A0~A9) within each 16 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with "RAS-only" cycles. 


CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC514410J/Z offers an alternate^ 

refresh method. If CAS is held on low for the specified period (tcsR) before RAS 
goes to low, on chip refresh control clock generations and the refresh address 
counter are enabled, and an internal refresh operation takes place. After the 
refresh operation is performed, the refresh address counter is automatically in- 
cremented in preparation for the next CAS before RAS refresh operation. 

FAST PAGE MODE 

The "Fast Page Mode" feature of the TC514410J/Z allows for successive memory 
operations at multiple column locations of the same row address with increased speed 
without an increase in power. This is don# by strobing the row address into the chip 
and maintaining the RAS signal at a logic 0 throughout all successive memory cycles 
in which the row address is common. This "Fast Page Mode" of o pera tion will not 
dissipate the power associated with the negative going edge of RAS. Also, the time 
required for strobing in a new address is eliminated, thereby decreasing the access 
and cycle times. 

HIDDEN REFRESH 

An optional feature of the TC514410J/Z is that refresh cycles may be performed 
while maintaining valid data at the output pins. This is referred to as Hidden Refresh. 
Hidden Refresh is performed by holding CAS at Vjl and taking RAS high and after a 
specified precharge period (t RP ) , executing a CAS> before RAS refresh cycle. 

(see Figure below) 


MEMORY CYCLE , REFRESH CYCLE , REFRESH CYCLE 







RAS \ 

x 

x Ai 






CAS 

\ 

r 







Wl/I0rw4/I04 OPEN - 

— < 

VALID DATA-OUT 

> 








This feature allows a refresh cycle to be "Hidden" among data cycles without 
affecting the data availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514410J/Z can be tested by CAS BEFORE 
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the 
internal counter address as row address and the input addre&s as column address. 

The test is performed after a minimum of 8 CAS before RAS* cycles as initializa- 
tion cycles. The test procedure is as follows. 

(T) Write "0" into all the memory cells at normal write mode. 

(2) Select one certain column address and read "0” out and write "1” in each cell 
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE) . 

Repeat this operation 1024 times. 

(3) Check "1" out of 1024 bits at normal read mode, which was written at (2) . 

© Using the same column as (2) , read "1" out and write "0" in each cell perform- 
ing CAS BEFORE RAS REFRESH COUNTER TEST. Repeat this operation 1024 times. 

(D Check "0" out of 1024 bits at normal read mode, which was written at (4). 

(6) Perform the above CD to (5) to the complement data. 
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TEST MODE 

The TC514410J/Z is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same way. Aqq is not used. If, upon reading, two bits 
on one I/O pin are equal (all "l"s or "0"s) , the I/O pin indicates a "l”. 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block 
diagram of TC514410J/Z. In "Test Mode", the 1M x 4 DRAM can be tested as if it 
were a 512K x 4 DRAM. 

,f WE, CAS Before RAS Refresh Cycle" puts the device into "Test Mode". And "CAS 
Before RAS Refresh Cycle" or "RAS Only Refresh Cycle" puts it back into "Normal 
Mode". In the Test Mode, ,# WE, CAS Before RAS Refresh Cycle" performs the refresh 
operation with the internal refresh address counter. The "Test Mode" function re- 
duces test times (1/2 in case of N test pattern). 
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BLOCK DIAGRAM IN THE TEST MODE 
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1,048,576 WORD X 4 BIT DYNAMIC RAM * This is advanced information and specifica- 

tions are subject to change without notice. 

DESCRIPTION 

The TC514410AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514410AP/AJ/ASJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC514410AP/AJ/ASJ/AZ to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ (3007 350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performace logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 



TC5 1 44 1 0AP/AJ/ASJ/ AZ - 60 

tRAC RAS Access Time 

60ns 

t A A Column Address Access Time 

30ns 

t CA c CAS Access Time 

20ns 

tRC Cycle Time 

110ns 

tpc Fast Page Mode Cycle Time 

45ns 


PIN NAMES 


< 

i 

o 

< 

Address Inputs 

ra5 

Row Address Strobe 

CAS 

Column Address 'Strobe 

WB/WE 

Write Per Bit/Read/Write Input 

OE 

Output Enable 

WI/IOI -W4/I04 

Write Select/Date Input/Output 

Vcc 

Power ( + 5V) 

Vss 

Ground 


PIN CONNECTION (TOP VIEW) 


Plastic DIP Ptastic SOJ Plastic ZIP 


Ca5 

W4/I04 

WI/IOI 

m/m 

A9 

A1 

A3 

A4 

A6 

A8 



26 dv ss OE 

“1W4/I04 W3/|03 
IW3/I03 Wj/I ° 3 

less 


22 

18 ]A8 
17 A7 
16 JA6 
15 JA5 
14 ]A4 


V S S 


Ra5 


Vcc 

A5 


:':-a 


ys: 

PriflO 


:V^[l2 

:^[iV 


:^[16 


• Single power supply of 5V±10% 
with a built-in Vbb generator 

• Low Power 

660mW MAX. Operating 

(TC 5 1 44 1 0 AP/A J/AS J/AZ - 60) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows 
two-dimensional chi p sele ction 

• Read-Mo dify-W rite. CAS before RAS 
refresh, RAS-only refresh, Hidden- 
refresh, Write per Bit, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL Compatible 

• 1024 refresh cycles/1 6ms 

• Package 

TC514410AP : DIP20-P-300C 

TC514410AJ : SOJ26-P-350 

TC514410ASJ : SOJ26-P-300A 
TC514410AZ : ZIP20-P-400A 

BLOCK DIAGRAM 


WI/IOI W2/I02 W3/I03 W4/I04 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

Vim 

iaBE9n 

V 


Output Voltage 

VOUT 

WBBOM 

V 

■naj 

Power Supply Voltage 

Vcc 

~ 1—7 


i 

Operating Temperature 

Topr 

0-70 

HEHI 

i 

Storage Temperature 

Tstg 

-55-150 

°c 

i 

Soldering Temperature • Time 

Tsoider 

260 • 10 

°C • sec 

i 

Power Dissipation 

Pd 

700 

mW 

i 

Short Circuit Output Current 

•out 

50 

mA 

i 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 

min'. 

TYP. 

MAX. 


NOTES 

Vcc 

Supply Voltage 

4.5 

wmm 

5.5 

ss 

mam 

V| H 

Input High Voltage 

2.4 

■ 

6.5 

mam 

mam 

V, L 

Input Low Voltage 

- 1.0 

- 

0.8 


mam 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V 1 10%, Ta = 0~70°c) 


SYMBOL 

PARAMETER 





•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc = tRc MIN.) 

T CS 1 44 1 0AP/AJ/ASJ/AZ-60 

- 

120 

mA 

3, 4 

5 

*CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = OVS = V, H ) 


2 

mA 


*CC3 

RA? ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS = V, H : t RC = tR C MIN.) 

TC5 144 1 0AP/AJ/AS i/AZ-60 

- 

120 

mA 

3, 5 

kC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V| L , CAS, Address Cycling: tpc = tpc MIN.) 

TC5 1 44 1 0AP/AJ/AS J/AZ-60 


70 

mA 

3, 4 

5 

'CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V cc - 0.2V) 

- 

1 

mA 


*CC6 

CAS BEFORE RA? REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: t RC = t RC MIN.) 

TC5 1 44 1 0AP/AJ/AS J/AZ-60 

- 

120 

mA 

3, 5 

•l (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVS V||\j£ 6.5V, All Other Pins not under Test = 0V) 

T 10 

10 

pA 


b (L) 

OUTPUT LEAKAGE CURRENT 

(D 0U t is disabled, OVS V 0UT = 5.5V) 

- 10 

10 

pA 


V OH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout = -5mA) 

2.4 

- 

V 


Voi 

OUTPUT LEVEL 

Output "L" Level Voltage (Iout = 4.2mA) 

- 

0.4 

1 

V 
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TC51 441 0AP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V C c = 5V±10%, Ta = 0~70°c) (Notes 6, 7, 8) 





TC5 1 44 1 0AP/AJ/ASJ/AZ-60 



5i IVlDVJL 

rAKAIVIt 1 fcK 

MIN. MAX. 

UNI 1 

NOTES 


Random Read or Write Cycle Time 

Read-Modify-Write Cycle Time 

Fast Page Mode Cycle Time 

Fast Page Mode Read-Modify-Write 
Cycle Time 

Access Time from RAS 

Access Time from CAS 
Access Time from Column Address 
Access Time from CAS Precharge 
CAS to output in Low-Z 
Output Buffer Turn-off Delay 
Transition Time (Rise and Fall) 

RAS Precharge Time 
RAS Pulse Width 

RAS Pulse Width (Fast Page Mode) 

RAS Hold Time 

RAS Hold Time From CAS Precharge 
(Fast Page Mode) 

CAS Hold Time 

CAS Pulse Width 

RAS to CAS Delay Time 


RAS to Column Address Delay Time 
CAS to RAS Precharge Time 
CAS Precharge Time 
Row Address Set-Up Time 
Row Address Hold Time 
Column Address Set-Up Time 
Column Address Hold Time 
Column Address to RAS Lead Time 
Read Command Set-Up Time 
Read Command Hold Time 


ns 9,14 
ns 9,15 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC5 1 44 1 0AP/AJ/AS J/AZ-60 

UNITS 

NOTES 

MIN. 

MAX. 

*RRH 

Read Command Hold Time referenced 

to RA5 

0 

- 

ns 

11 

twCH 

Write Command Hold Time 

10 

- 

ns 


t W p 

Write Command Pulse Width 

10 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

20 

- 

ns 


kWL 

Write Command to CAS Lead Time 

20 

- 

ns 


X DS 

Data Set-Up Time 

0 

- 

ns 

12 

*DH 

Data Hold Time 

15 

- 

ns 

12 

tREF 

Refresh Period 

- 

16 

ms 


twcs 

Write Command Set-UP Time 

0 

- 

ns 

13 

tCWD 

CAS to WE Delay Time 

50 

- 

ns 

13 

tRWD 

RAS to WE Delay Time 

90 


ns 

13 

UwD 

Column Address to WE Delay Time 

60 

- 

ns 

13 

tCPWD 

CAS Precharge to WRITE Delay Time 

70 

- 

ns 

13 

kSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

5 

- 

ns 


*CHR 

CAS Hold Time 

(CAS before RAS Cycle) k 

15 

- 

ns 


tRPC 

RAS to CAS Precharge Time 

0 

! 

ns 


tCPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

30 


ns 


*ROH 

RAS Hold Time referenced to UE 

10 

- 

ns 


l OEA 

OE Access Time 

- 

20 

ns 


tOED 

OE to Data Delay 

20 

- 

ns 


k)E Z 

Output buffer turn off Delay Time 
from OE 

0 

20 

ns 


tOEH 

OE Command Hold Time 

20 

- 

ns 


tWBS 

Write Per Bit Set-Up Time 

0 

- 

ns 


twBH 

Write Per Bit Hold Time 

10 

- 

ns 


twos 

Write Per Bit Selection Set-Up Time 

0 

- 

ns 


twDH 

Write Per Bit Selection Hold Time 

10 

- 

ns 
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TC51 441 0AP/AJ/ASJ/AZ-60 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

TC5 1 44 1 0AP/AJ/ASJ/AZ-60 

UNIT 

NOTES 

MIN. 

MAX. 

tWTS 

Write Command Set-up Time 

to 

- 

ns 


tWTH 

Write Command Hold Width 

10 

- 

ns 


twRP 

WE to RA$ Precharge Time 

10 

- 

ns 


*WRH 

WE to RAS Hold Time 

10 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE (V C c = 5V ± 10%, Ta = 0~70°c) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC5 1 44 1 0AP/AJ/ASJ/AZ-60 

UNIT 

NOTES 

MIN. 

MAX. 

t RC 

Random Read or Write Cycle Time 

115 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

_ 

ns 


*RAC 

Access Time from RAS 

- 

65 

ns 

9,14, 

15 

tCAC 

Access Time from CAS 

- 

25 

ns 

9,14 

*aa 

Access Time from Column Address 

- 

35 

ns 

9,15 

kPA 

Access Time from CAS Precharge 

- 

45 

ns 

9 

tRAS 

RAS Pulse Width 

65 

10,000 

ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

65 

200,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

ns 


kSH 

CAS Hold Time 

65 

- 

ns 


tRHCP 

CAS Precharge to RAS Hold Time 

45 

- 

ns 


tCAS 

CAS Pulse Width 

25 

10,000 

ns 


1 RAL 

Column Address to RAS Lead Time 

35 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%. f=1MHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C n 

Input Capacitance (A0~A9) 

- 

5 

PF 

C,2 

Input Capacitance (RAS, CAS, WB/WE, OE) 

- 

7 

PF 

Co 

Input/Output Capacitance (W1/I01~W4/I04) 

- 

7 

PF 
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TC51 441 0AP/AJ/ASJ/AZ-60 


NOTES: 


L 

1 

3 . 

4 . 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

13. 


14. 


15. 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

All voltages are referenced to Vss* 

ICCl. Ices, IcC4, Icce depend on cycle rate. 

Icci» ICC4 depend on output loading. Specified values are obtained with the output open. 

Column address can be changed once or less while RAS = Vil and CAS = Vih. 

An initial pause of 200ps is required after power-up followed by 8 RAS only refresh before proper 
device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS refresh cycles are required. 

AC measurements assume tT = 5ns. 

VlH (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil. 

Measured with a load equivalent to 2 TTL loads and lOOpF. 

tOFF (max.) and defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

Either tRCII or tRRH must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Write cycles. 

twCS> tRWD> tcWD, tAWD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs— twCS (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; If tRwD— tRWD (min.), tcwD= tcwD (min.) , tAWD = tAWD (min.) and tcp\VD = tcPWD (min.) 
(Fast Page Mode), the cycle is a Read-Write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD(max.)is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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TC51441 0AP/AJ/ASJ/AZ-60 











TC51 441 0AP/AJ/ASJ/AZ-60 


i 

FAST PAGE MODE READ CYCLE 






TC51 441 OAP/A J /AS J /AZ-60 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



RA5 ONLY REFRESH CYCLE 



Note: WRITE, OE="H" or “L" 
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TC51441 0AP/AJ/ASJ/AZ-60 


HIDDEN REFRESH CYCLE (READ) 



A-5Q0 
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TC51 441 OAP/AJ/AS J/AZ-60 


APPLICATION INFORMATION 
ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within the 
TC51410AP/AJ/ASJ/AZ are multiplexed onto the 10 address inputs and latched into the on-chip address 
latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), subsequently latches the 10 column address bits into 
the chip. Each of these signals, RAS, and CAS, triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The “gated CAS” feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tpAIl) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

DATA INPUTS 

A write cycle is performed by bringing (WB/) WE low during the RAS/CAS operation. The falling 
edge of CAS or (WB/) WE strobes data on (Wi) IOi into the on-chip data latch. To make use of the 
write-per-bit capability WB(/WE) must be low as RAS falls. In this case data bits to which the write 
operation is applied can be specified by keeping Wi (/IOi) high with set-up and hold times referenced to 
the RAS negative transition. For those data bits of Wi (/IOi) that are kept low as RAS tails the write 
operation is inhibited on the chip if WB(AVE) is high as RAS falls, the write-per-bit capability does not 
work and the write operation is performed for all four data bits. 

DATA OUTPUTS 

The three-state output buffers provide direct TTL compatibility with a fan-out of two standard TTL 
loads. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until CA§ 
is brought low. In a read cycle the outputs go active after the access time interval tRAC and toEA are 
satisfied. 

The outputs become valied after the access time has elapsed and remains valied while CAS and OE 
are low. CAS or OE going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the OE input is brought to a logical low level, the output buffer are enabled. Both CAS and 
OE can control the output. Thus in a read operation, either OE or CAS returning high forces the 
outputs into the high impedance state. 
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RAS ONLY REFRESH 

Refresh of the dynamic ceil matrix is accomplished by performing a memory cycle at each of the 512 
row address (A0^A9) within each 16 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with “RAS-only” cycles. 

CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC514410AP/AJ/ASJ/AZ offers an alternate refresh 
method. If CAS is held on low for the specified period (tcsil) before RAS goes to low, on chip refresh 
control clock generators and the refresh address counter are enabled, and an internal refresh operation 
takes place. After the refresh operation is performed, the refresh address counter is automatically 
incremented in preparation for the next CAS before RAS refresh operation. 

PAGE MODE 

The “Page-Mode” feature of the TC514410AP/AJ/ASJ/AZ allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This “Page-Mode” of 
operation will not dissipate the power associated with the negative going edge of RAS. Also, the time 
required for strobing in a new address is eliminated, thereby decreasing the access and cycle times. 

HIDDEN REFRESH 

An optional feature of the TC514410AP/AJ/ASJ/AZ is that refresh cycles may be performed while 
maintaining valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CAS at Vn, and taking RAS high and after a specified precharge period (tup), 
executing a CAS before RAS refresh cycle, (see Figure below) 



MEMORY CYCLE 

REFRESH CYCLE 

REFRESH CYCLE 





RAS ^ 

r ' 


\ / 





CAS 

\ 

r 





/ 

VALID DATA-OUT 

\_ 

W1/I01~W4/I04~ 0P 

EN \ 

r 






This feature allows a refresh cycle to be “Hidden” among data cycles without affecting the data 
availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514410AP/AJ/ASJ/AZ can be tested by CAS BEFORE RAS 
REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the internal counter 
address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

® Write “0” into all the memory cells at normal write mode. 

@ Select one certain column address and read “0” out and write “1” in each cell by performing CAS 
BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). Repeat this operation 512 
times. 

(D Check “1” out of 512 bits at normal read mode, which was written at (2). 

® Using the same column as (D, read “1” out and write “0” in each cell performing CAS BEFORE 

RAS REFRESH COUNTER TEST. Repeat this operation 512 times. 

(D Check “0” out of 512 bits at normal read mode, which was written at ®. 

© Perform the above ® to © to the complement dat^i. 

TEST MODE 

The TC514410AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 

retrieved the same way. Aoo is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s 

or *‘0”s), the I/O pin indicates a “1”. If they were not equal, the I/O pin would indicate a “0”. Fig. 1 
shows the block diagram of TC514410J/Z. In “Test Mode”, the 1MX4 DRAM can be tested as if it were 
a 512KX4 DRAM. 

“WE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WE, 
CAS Before RAS Refresh Cycle” performs the refresh operation with the internal refresh address 
counter. The “Test Mode” function reduces test times (1/2 in case of N test pattern). 


A-506 




TC51 441 0AP/AJ/ASJ/AZ-60 




















NOTES 



1,048,576 WORD x 4 BIT DYNAMIC RAM 


PRELIMINARY 


DESCRIPTION 

The TC514410AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514410AP/AJ/ASJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC514410AP/AJ/ASJ/AZ to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ (300 / 350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performace logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 



rC5 1 44 1 0AP/AJ/ASJ/ AZ - 70/ - 80/ - 1 0 1 

tRAC kAi Access Time 

70ns 

80ns 

100ns 

t A A Column Address Access Time 

35ns 

40ns 

50ns 

tCAC CAS Access Time 

20ns 

20ns 

25ns 

tRc Cycle Time 

130ns 

150ns 

180ns 

tpc Fast Page Mode Cycle Time 

45ns 

50ns 

60ns 


PIN NAMES 


> 

Q 

i 

Address Inputs 

raS 

Row Address Strobe 

ZaS 

Column Address Strobe 

WB/Wf 

Write Per Bit/Read/Write Input 


Output Enable 

W1/I01-W4/I04 

Write Select/Date Input/Output 

Vcc 

Power ( + 5V) 

v S s 

Ground 


• Single power supply of 5V±10% 
with a built-in Vbb generator 

• Low Power 

550mW MAX. Operating 

(TC5 144 10 AP/AJ/AS J/AZ - 70) 
468mW MAX. Operating 

(TC5 144 10AP/AJ/AS J/AZ - 80) 
413mW MAX. Operating 

(TC5 1441 0 AP/AJ/AS J/AZ - 10) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows 
two-dimensional chi p sele ction 

• Read-Mo dify-W rite, CAS before RaS 
refresh, RAS-only refresh, Hidden 
refresh, Write per Bit, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL Compatible 

• 1024 refresh cycles/16ms 

• Package 

TC514410AP : DIP20-P-300C 

TC514410AJ : SOJ26-P-350 

TC514410ASJ : SOJ26-P-300A 
TC514410AZ : ZIP2-P-400A 

BLOCK DIAGRAM 


PIN CONNECTION (TOP VIEW) 


Plastic DIP Plastic SOJ Plastic ZIP 


US 

W4/I04 

W 1/101 

Wff/Wf 

A9 

At 

A3 

A4 

A6 

A8 



?: s ['0 

•V- 1 r,v 


WI/IOI W2/I02 W3/I03 W4/I04 






TC51 441 OAP/A J/AS J/AZ— 70, TC51 441 0AP/AJ/ASJ/AZ-80 
TC51 441 OAP/AJ/ASJ/AZ-1 0 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

-1~7 

V 

1 

Output Voltage 

V(5UT 

- 1—7 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 

V 


Operating Temperature 

Topr 

0-70 

# C 

1 

Storage Temperature 

t stg 

-55-150 

•c 

1 

Soldering Temperature 'Time 

t solder 

260-10 

•C-sec 

1 

Power Dissipation 

Pd 

700 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V, H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V, L 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%. Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CA$, Address Cycling: tRc = tRc MIN.) 

TCS 1 44 10AP/AJ/AS J/AZ-70 

- 



■ 

TC5 1 44 1 0 AP/AJ/ASJ/AZ-80 

- 

85 

TC5 1 44 1 0 AP/AJ/AS J/AZ- 1 0 

- 


Icca 

STANDBY CURRENT 

Power Supply Standby Current 

(raS=CaS=v ih ) 

■ 

■ 


■ 

f C C3 

1&5 ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS a Vih: tRc*tRc MIN.) 

TCS 1 44 1 OAP/AJ/AS J/A2-70 



mA 

■ 

TC5 1 441 0 AP/AJ/ASJ/AZ-80 

WBM 


TCS 1 44 1 0AP/AJ/ASJ/AZ- 1 0 



>CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RA$ = V| L , CaS, Address Cycling: tpc = tpc MIN.) 

TCS 1 44 1 0AP/AJ/AS J/AZ-70 

- 

70 

mA 

H 

TC5 144 10 AP/AJ/ASJ/AZ-80 

_ 

65 


- 

55 

kcs 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CaS = V cc -0.2V) 

■ 

■ 

mA 

■ 

ICC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RaS 
Mode (RA$, CAS Cycling: tRc = tRc MIN.) 

TCS 1 44 1 0 AP/AJ/AS J/AZ-70 

■ 


mA 

■ 

TC5 1 44 1 0 AP/AJ/AS J/AZ-80 

- 

85 

TC5 1 44 1 0AP/AJ/ASJ/AZ-1 0 

- 

75 

•l (D 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 
(0VSV 1N S6.5V, All Other Pins not under Test = 0V) 

- 10 

to 

pA 

■ 

>0 (l) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OVS V 0UT S 5.5V) 

- 10 

10 


■ 

VoH 

OUTPUT LEVEL 

Output "H* Level Voltage Oout= -5mA) 

D 

■ 

D 

■ 

Vql 

OUTPUT LEVEL 

Output "L" Level Voltage (Iout = 4.2mA) 

■ 

□ 

D 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V C c = 5V + 10%, Ta = 0~70°c) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC51441QAP/ 
AJ/AS J/AZ-70 



MIN. 

MAX. 


TC514410AP/ 

AJ/ASJ/AZ-80 


TC514410AP/ 

AJ/ASJ/AZ-10 


kc 

Random Read or Write Cycle Time 

130 

tRMW 

Read-Modify-Write Cycle Time 

185 

tpc 

Fast Page Mode Cycle Time 

45 

tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

100 


tRAC 

Access Time from RAS 

*CAC 

Access Time from CAS 

Ua 

Access Time from Column Address 

kPA 

Access Time from CAS Precharge 

kLZ 

CaS to output in Low-Z 

tOFF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

*RA$ 

RAS Pulse Width 

tRASP 

IAS Pulse Width (Fast Page Mode) 

%H 

RAS Hold Time 

tRHCP 

RAS Hold Time From CAS Precharge 
(Fast Page Mode) 

kSH 

CaS Hold Time 

kAS 

CAS Pulse Width 

tRCD 

RAS to CAS Delay Time 

tRAO 

RAS to Column Address Delay Time 

kRP 

CAS to RAS Precharge Time 

kp 

CAS Precharge Time 

USR 

Row Address Set-Up Time 

kAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

kAH 

Column Address Hold Time 

tRAt 

Column Address to RAS Lead Time 

kCS 

Read Command Set-Up Time 

kCH 

Read Command Hold Time 



0 


11 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 




TC514410AP/ 

SYMBOL 

PARAMETER 

AJ/ASJ/AZ-70 



MIN. 

MAX. 

tRRH 

Read Command Hold Time referenced 

to RAS 

0 

- 


TC514410AP/ 

AJ/ASJ/AZ-80 


TC514410AP/ 
AJ/AS J/AZ- 1 0 


twCH 

Write Command Hold Time 

twP 

Write Command Pulse Width 

tRWL 

Write Command to JlAS Lead Time 


Write Command to CaS Lead Time 


Data Hold Time 


Refresh Period 


Write Command Set-UP Time 


3 

CAS to WE Delay Time 

50 


tRWD 

RAS to WE Delay Time 

100 

tAWD 

Column Address to WE Delay Time 

■31 

tCPWD 

CAS Precharge to WRITE Delay Time 

75 

kSR 

CAS Set-Up Time 
(CA$ before RAS Cycle) 

5 

tCHR 

CaS Hold Time 
(Ca 5 before Ea 5 Cycle) 

15 

tRPC 

RAS to CAS Precharge Time 

0 



kPT 

CaS Precharge Time 

(CAS before RAS Counter Test Cycle) 

40 

- 

fROH 

RAS Hold Time referenced to CE 

10 

- 

*OEA 

UE Access Time 

- 

20 

*OEO 

OE to Data Delay 

20 

- 

kEZ 

Output buffer turn off Delay Time 
from UE 

0 

20 

tOEH 

OE Command Hold Time 

20 

- 

tWBS 

Write Per Bit Set-Up Time 

0 

- 

tWBH 

Write Per Bit Hold Time 

10 

- 

tWDS 

Write Per Bit Selection Set-Up Time 


- 

twOH 

Write Per Bit Selection Hold Time 

10 

- 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 



PARAMETER 

TC5 1441 OAF/ 
AJ/ASJ/AZ-70 

TC514410AP/ 

AJ/ASJ/AZ-80 

TC514410AP/ 

AJ/ASJ/AZ-10 


NOTES 



MIN. 

MAX. 

MIN. 


twTS 

Write Command Set-up Time 

10 

- 

10 

- 

10 

- 

m 


tWTH 

Write Command Hold Width 

10 

- 

10 

- 

10 

- 

m 


twRP 

to RAS Precharge Time 

10 

- 

10 

- 

10 

- 

m 


twRH 1 

WF to KaF Hold Time 

10 

- 

10 

- 

10 

- • 

■a 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE (V cc = 5V ± 1 0% , Ta = 0~70°c) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC514410AP/ 

AJ/ASJ/AZ-70 

TC514410AP/ 

AJ/ASJ/AZ-80 

TC514410AP/ 

AJ/ASJ/AZ-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

*RC 

Random Read or Write Cycle Time 

135 

- 

155 

- 

185 

- 

■a 


tRMW 

Read-Modify-Write Cycle Time 

160 

- 

180 

- 

215 

- 

B9 


tpc 

Fast Page Mode Cycle Time 

50 

- 

55 

- 

65 

- 

m 


tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

75 

' - 

80 


' 95 

_ 

ns 


tRAC 

Access Time from RA$ 

- 

75 

• - 

85 

■ 



9,14, 

15 

*CAC 

Access Time from CaS 

- 

25 


25 

- 

30 

m 

9,14 

tAA 

Access Time from Column Address 

- 

40 

- 

45 

- 

55 

m 

9,15 

*CPA 

Access Time from Ca$ Precharge 

- 

45 

- 

50 

- 

60 

m 

9 

tRAS 

EA5 Pulse Width 

75 

10,000 

85 

10,000 

105 

10,000 

■a 


tRASP 

RAS Pulse Width (Fast Page Mode) 

75 

200,000 

85 



200,000 

■a 


tRSH 

RAS Hold Time 

25 

- 

25 

- 

30 

- 

IS 


kSH 

CAS Hold Time 

75 

- 

85 

- 

105 

- 

D 


tRHCP 

CAS Precharge to RAS Hold Time 

45 

- 

50 

- 

60 

- 

■9 


*CAS 

CAS Pulse Width 

25 

10,000 

25 

10,000 

30 

10,000 

■a 


*RAl 

Column Address to RA$ Lead Time 

40 

- 

45 

- 

55 

- 

m 


tcWD 

CaS to WE Delay Time 

55 

- 

55 

- 

65 

- 

■a 

13 

*RWD 

RAS to WE Delay Time 

105 

- 

115 

- 

140 

- 

m 

13 

*AWD 

Column Address to WE Delay Time 

70 

- 

75 

- 

90 

- 

K9 

13 

kpwo 

Ca$ Precharge to WRITE Delay Time 

80 

- 

80 

- 

95 

- 

E9 

13 

toEA 

?5E Access Time 

- 

25 

- 

25 

- 

30 i 

m 


*OEH 

<5E Command Hold Time 

25 

- 

25 

- 

30 

- 

BB 



CAPACITANCE (Vrr = 5V ± 10%. f=1MHz, Ta = 0~70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

c„ 

Input Capacitance (A0-A9) 

- 

5 

PF 

C.2 

Input Capacitance (RaS, CAS, WS/WE, OE) 

- 

7 

PF 

Co 

Input/Output Capacitance (1/101 -1/104) 

- 

7 

PF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss* 

3. Icci. IcC3» IcC4» IcC6 depend on cycle rate. 

4. Icci. IcC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS=Vil and CAS = Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 RA$ only refresh before proper 
device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS 
before RAS refresh cycles instead of 8 RAS refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. Vih (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Write cycles. 

13. t\vCS> tRWD> tcWD, tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs^ twcs (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; If tRWD^ tRWD (min.), tcwD^tcWD (min.) , tAWD^ tAWD (min.) and tcpWD^ tcpwD (min.) 
(Fast Page Mode), the cycle is a Read-Write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified Ircd (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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Note: DOUT = OPEN 
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WRITE CYCLE (OE CONTROLLED WRITE) 
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FAST PAGE MODE READ CYCLE 



FAST PAGE MODE WRITE CYCLE 
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HIDDEN REFRESH CYCLE (READ) 


i5SL 


*RC 
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HIDDEN REEFRESH CYCLE (WRITE) 


*RC 


*RC 
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APPLICATION INFORMATION 
ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within the 
TC51410AP/AJ/ASJ/AZ are multiplexed onto the 10 address inputs and latched into the on-chip address 
latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 10 row ^address bits into the chip. The 
second clock, the Column Address Strobe (CAS), subsequently latches the 10 column address bits into 
the chip. Each of these signals, RAS, and CAS, triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The '‘gated CAS” feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) bas been satisfied and the address inputs have been 
changed from Row address to Column address information. 

DATA INPUTS 

A write cycle is performed by bringing (WB/) WE low during the RAS/CAS operation. The falling 
edge of CAS or (WB/) WE strobes data on (Wi) lOi into the on-chip data latch. To make use of the 
write-per-bit capability WB(/WE) must be low as RAS falls. In this case data bits to which the write 
operation is applied can be specified by keeping Wi (/IOi) high with set-up and hold times referenced to 
the RAS negative transition. For those data bits of Wi (/IOi) that are kept low as RAS tails the write 
operation is inhibited on the chip if WB(AVE) is high as RAS falls, the write-per-bit capability does not 
work and the write operation is performed for all four data bits. 

DATA OUTPUTS 

The three-state output buffers provide direct TTL compatibility with a fan-out of two standard TTL 
loads. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until CAS 
is brought low. In a read cycle the outputs go active after the access time interval tRAC and toEA are 
satisfied. 

The outputs become valied after the access time has elapsed and remains valied while CAS and CE 
are low. CAS or CE going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify- write cycle, the 
outputs will follow the sequence for the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the CE input is brought to a logical low level, the output buffer are enabled. Both CAS and 
CE can control the output. Thus in a read operation, either CE or CAS returning high forces the 
outputs into the high impedance state. 
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W1/I01 


RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 
row address (AO ~A9) within each 16 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with “RAS-only” cycles. 

CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC5 14410 AP/AJ/ASJ/AZ offers an alternate refresh 
method. If CAS is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh 
control clock generators and the refresh address counter are enabled, and an internal refresh operation 
takes place. After the refresh operation is performed, the refresh address counter is automatically 
incremented in preparation for the next CAS before RA$ refresh operation. 

PAGE MODE 

The “Page-Mode” feature of the TC514410AP/AJ/ASJ/AZ allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This “Page-Mode” of 
operation will not dissipate the power associated with the negative going edge of RAS. Also, the time 
required for strobing in a new address is eliminated, thereby decreasing the access and cycle times. 

HIDDEN REFRESH 

An optional feature of the TC5 1441 OAP/AJ/ASJ/AZ is that refresh cycles may be performed while 
maintaining valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CAS at Vil and taking RAS high and after a specified precharge period (tRp), 
executing a CAS before RAS refresh cycle, (see Figure below) 



MEMORY CYCLE 

REFRESH CYCLE 

REFRESH CYCLE 





RA5 ^ 

r' 


\ ... / 






\ 

/ 





/ 

VALID DATA-OUT 

\ 

•W4/I04 0P 

EN \ 



1 




This feature allows a refresh cycle to be “Hidden” among data cycles without affecting the data 
availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514410AP/AJ/ASJ/AZ can be tested by CAS BEFORE RAS 
REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the internal counter 
address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before ftAS cycles as initialization cycles. The test 
procedure is as follows. 

(D Write "0” into all the memory cells at normal write mode. 

(D Select one certain column address and read “0" out and write "1” in each cell by performing CAS 
BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). Repeat this operation 512 
times. 

(3) Check “1” out of 512 bits at normal read mode, which was written at (D. 

© Using the same column as (D, read “1” out and write “0” in each cell performing CAS BEFORE 

RAS REFRESH COUNTER TEST. Repeat this operation 512 times. 

d) Check “0” out of 512 bits at normal read mode, which was written at ®. 

(D Perform the above (D to (D to the complement data. 

TEST MODE 

The TC514410AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and 

retrieved the same way. Aoo is not used. If, upon reading, two bits on one I/O pin are equal (all “l”s 

or “0”s), the I/O pin indicates a “1”. If they were not equal, the I/O pin would indicate a “0”. Fig. 1 
shows the block diagram of TC514410J/Z. In ‘Test Mode”, the 1MX4 DRAM can be tested as if it were 
a 512KX4 DRAM. 

“WE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS 
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode, “WE, 
CAS Before RAS Refresh Cycle” performs the refresh operation with the internal refresh address 
counter. The “Test Mode” function reduces test times (1/2 in case of N test pattern). 
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NOTES 






4,194,304 WORDS x 8 BIT DYNAMIC RAM MODULE PRELIMINARY 

DESCRIPTION 

The THM84000S is a 4,194,304 words by 8 bits dynamic RAM module which assembled 8 pcs of 
TC514000J on the printed circuit board. 

The THM84000S is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and an image memory systems, and to the 
others which are requested compact size. 


FEATURES 

• 4,194,304 words by 8 bits organization 

• Fast access time 



THM84000S/L-80 

THM84000S/L-10 

tRAC 

RA5 Access Time 

80ns 

100ns 

*AA 

Column Address Access Time 

40ns 

50ns 

tCAC 

Ca 5 Access Time 

20ns 

25ns 

*RC 

Cycle Time 

150ns 

180ns 

tpc 

Fast Page Mode Cycle Time 

50ns 

60n$ 


• Single power supply of 5V±10% 

• Low power 4,400mW MAX. Operating (THM84000S/L-80) 

3,740mW MAX. Operating (THM84000S/L-10) 

44m W MAX. Standby 

• UAS before RA$ refresh, RAS only refresh, Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1,024 refresh cycles/16ms 


PIN CONNECTION (TOP VIEW) 


THM84000S THM84000L 






' o 


VCC (1) 

□ 


CaT (2) 

□ 

e= — h 

DQ0 (3) 

□ 

i — ‘ ■ 

AO (4) 

□ 

r— 

A1 (5) 

□ 

c=r-~ j~i 

DQ1 (6) 

□ 


A2 (7) 

□ 

t i 

A3 (8) 

□ 


VSS (9) 

□ 

crzp 

DQ2 (10) 

□ 


A4 (11) 

□ 

^ , J j 

A5 (12) 

□ 

£=dp 

DQ3 (13) 

□ 

«=zp 

A6 (14) 

□ 


A7 (15) 

□ 

cx "j 1 

DQ4 (16) 

□ 

i — '"p 

A8 (17) 

□ 


A9 (18) 

□ 


A10 (19) 

□ 

« " ~3 

DQ5 (20) 

□ 


W (21) 

□ 

t=r-S 

VSS (22) 

□ 

CS 

DQ6 (23) 

0 


N.C. (24) 

□ 

c= :'"i 

DQ7 (25) 

o 


N.C. (26) 

□ 

i — | i 

RA? (27) 

a 

crr~ p 

N.C. (28) 

□ 

tr? 5 

N.C. (29) 

□ 

v-r | 1 

VCC (30) 

□ 



o 

L 


PIN NAMES 


A0-A10 

Address Inputs 

DQ0-DQ7 

Data Inputs/Outputs 


Column Address Strobe 

RA?> 

Row Address Strobe 

w 

Read/Write Input 

Vcc 

Power ( + 5V) 

Vss 

Ground 

N.C. 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

Input Voltage 

V,N 

Output Voltage 

V OUT 

Power Supply Voltage 

Vcc 

Operating Temperature 

Topr 

Storage Temperature 

Tstg 

Soldering Temperature • Time 

t soider 

Power Dissipation 

Po 

Short Circuit Output Current 

•out 



- 1.0— 7.0 


- 1.0-7. 0 

- 1.0— 7.0 


0-70 


260-10 


Power Dissipation P 0 4.8 

Short Circuit Output Current Iqut 50 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C 



SYMBOL 

PARAMETER 

MIN. 

Vcc 

* Supply Voltage 

4.5 

V,H 

Input High Voltage 

2.4 

V|L 

Input Low Voltage 

- 1.0 



DC ELECTRICAL CHARACTERISTICS (Vr 


: 5V ±10%, Ta = 0-70°C 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 


OPERATING CURRENT 

THM xxxxxx-80 

- 

800 



kci 

AvcrsQG Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc-tRC MIN.) 

THM xxxxxx-10 

- 

680 

mA 

3, 4 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 

( Ea5 = Za5 = v, H ) 

- 

16 

mA 



>CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CA? V 1H : t RC = t RC MIN.) 

THM xxxxxx-80 

- 

800 1 

THM x x x x x x - 10 

- 


*CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V| L( CAS Address Cycling: tpc = tpc MIN.) 

THM xxxxxx-80 

- 

480 

1 

THM xxxxxx-10 

- 

400 



STANDBY CURRENT 

Power Supply Standby Current 

(RA5 s CAS = V C c- 02V) 

CAS BEFORE RA5 REFRESH CURRENT 
Average Power Supply Current, CAS Before RAS 
Mode (RAS, CA$ Cycling: t R c = t R c MIN.) 

' INPUT LEAKAGE CURRENT ~~~~~ ~ 

Input Leakage Current, any Input 
(0VSV| N ^ 6.5V All Other Pins not under Test = 0V) 


OUTPUT LEAKAGE CURRENT 
(Pout is disabled, 0VS Vqut* 5.5V) 


OUTPUT LEVEL 

Output "H" Level Voltage (I 0 ut= -5mA) 

OUTPUT LEVEL ~ ™ — — 

Output "L" Level Voltage (Iqijt = 4.2mA) 


THM xxxxxx-80 
THM xxxxxx-10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


. (V C c = 5V ± 10%, Ta = 0~70°C) (Notes 


THM84000S-80 | THM84000S-10 


5, 6, 7) 


SYMBOL 

PARAMETER 

*RC 

Random Read or Write Cycle Time 

*PC 

Fast Page Mode Cycle Time 

tRAC 

Access Time from RAS 

kAC 

Access Time from CAS 

tAA 

Access Time from Column Address 

kPA 

Access Time from CAS Precharge 

tCLZ 

CAS to Output in Low-Z 

k)FF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

*RAS 

RAS Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

kSH 

CAS Hold Time 

kAS 

CAS Pulse Width 

kco 

RA$ to CAS Delay Time 

tRAD 

RAS to Column Address Delay Time 

*CRP 

CAS to RAS Precharge Time 

kp 

CAS Precharge Time (Fast Page Mode) 

^ASR 

Row Address Set-Up Time 


MIN. 


MAX. MIN. 




*ASC 

Column Address Set-Up Time 

0 

kAH 

Column Address Hold Time 

15 

tAR 

Column Address Hold Time referenced to 

RAS 

60 

*RAL 

Column Address to RAS Lead Time 

40 

kCS 

Read Command Set-Up Time 

0 



tRCH 

Read Command Hold Time 

0 

- 

0 

- 

ns 

10 

tRRH 

Read Command Hold Time referenced to 

RAS 

0 

- 

i 

0 

- 

ns 

10 

twCH 

Write ommand Hold Time 

15 

- 

20 

- 

ns 


*WCR 

Write ommand Hold Time referenced to 

RAS 

60 

- 

75 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 


SYMBOL 

PARAMETER 

THM84000S-80 

THM84000S-10 



MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 

20 

- 



*RWL 

Write Command to RAS Lead Time 

20 

- 

25 

- 

ns 

■B 

tCWL 

Write Command to CAS Lead Time 

20 

- 

25 

- 

ns 

mm 

*DS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

ii 

tDH 

Data Hold Time 

15 

- 

20 

- 

ns 

ii 

^DHR 

Data Hold Time referenced to RA$ 

60 

- 

75 

- 

ns 


tREF 

Refresh Period 

- 

16 

- 

16 

ms 


%CS 

Write Command Set-Up Time 

0 

- 

0 

- 


12 

tCSR 

CAS Set-Up Time (CaS before Ra 5 Cycle) 

5 

- 

10 


ns 


tCHR 

CA$ Hold Time (CaS before RAS Cycle) 

15 

- 

20 

** 

ns 


■EBB 

RAS to CAS Precharge Time 

0 

- 

0 

- 



Q| 

Za$ Precharge Time (CAS before RAS 

Counter Test Cycle) 

40 

- 

50 

- 

ns 


mm 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 


- 

10 

- 

ns 


*WRH 

WRITE to RA5 Hold Time 
(CAS before Ra 5 Cycle) 

10 

- 

10 

- 




CAPACITANCE (Vrr = 5V± 10%, f=1MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (A0-A10, W, CAS, RAS) 

- 

60 

PF 

Cdq 

I/O Capacitance (DQ0~DQ7) 

- 

15 

PF 


B-5 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci. ICC3* ICC4, ICC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before ftAS 
initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume t r r=5ns. 

7. Vih (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vji,. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tucil or Irrh must be satisfied for a read cycle. 

11. These parameters are referenced to (IAS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twcs— twcs (min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tCAC- 

14. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA* 
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EARLY WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 
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Unit in mm 


OUTLINE DRAWINGS 


• THM84000S 










PRELIMINARY 


1,048,576 WORDS x 32 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM321000S is a 1,048,576 words by 32 bits dynamic RAM module which assembled 8 pcs of 
TC514400J on the printed circuit board. The THM321000S can be as well used as 2,097,152 words by 
16 bits dynamic RAM module, by means of connecting DQO and DQ16, DQ1 and DQ17, DQ2 and 

DQ18, , DQ15 and DQ31, respectively. The THM321000S is optimized for application to the 

systems which are required high density and large capacity such as main memory of the computers 
and as image memory systems, and to the others which are requested compact size. 


FEATURES 

• 1,048,576 words by 32 bits organization 

• Fast access time and cycle time 



THM321000 

S-80 

THM321000 

S-10 

tRAC RAS Access Time 

80ns 

100ns 

t/vA Column Address 
Access Time 

40ns 

50ns 

*cac CA$ Access Time 

20ns 

25ns 

t R c Cycle Time 

150ns 

180ns 

tpc Fast Page Mode 
Cycle Time 

50ns 

60ns 


• Single power supply of 5V±10% 

• Low power 

4,620mW MAX. Operating (THMxxxxxx-80) 

3,960mW MAX. Operating (THMxxxxxx-10) 

44mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh, Hidden 
refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1024 Refresh cycles/16ms 

• Tin-Lead Contact : THM321000S-80,10 

• Gold Contact :THM321000SG-80, 10 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 


A0-A9 

Address Inputs 

DQ0-DQ31 

Data Input/Outputs 


Column Address Strobe 

Ea5(5, EaT? 

Row Address Strobe 

W 

Read/Write Input 

V CC 

Power ( ♦ 5V) 

Vss 

Ground 

PO 

Presence Detect Pin 




1 

Vss 

HQ 

A1 

m 

mm 

mn 

iff— 

mn 

E5EW 

mi 


2 

EES 

■a 

A2 

26 

DQ7 

mn 

NC 



mn 

E5EM 

m 

DQ16 

m 

A3 

mu 

DQ23 

mn 

Vss 

la 

EB 

mn 

Ena 

4 

mm 

m 

A4 

mn 

A7 

m 


52 

DQ2S 

mi 


5 

DQ17 

m 

A5 

mn 

NC 

mn 

Za& 

53 

DQ10 

m 

mm 

m 


m 

AS 

m 

Vcc 

mn 

ZaR 

El 

EES9 

m 

NC 

7 

DQ18 

m 

NC 

mn 

A8 

mn 

cast 

m 


mn 

PD0 

8 

DQ3 

mn 

DQ4 

3* 

A9 

■a 


mn 


mn 

JESM 

9 

iBBl 


1339 

mn 

B3H 

mn 

mm 

mi 

way 

mn 

EE9H 

mn 

Vcc _ 

m 

13391 

34 

T?S5I 

46 

NC 

mn 

ifrHJI 

mn 

msH 

m 

warn 

mn 

BtfSCTi 

m 

H 

47 


mi 

Vcc 

mn 

■ 

mn 

mm 

m 

DQ6 

36 

NC 

48 

NC 

60 

DQ29 

72 
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BLOCK DIAGRAM 




v C c 

v S s 



MO -7 
MO -7 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V, N 

i 

b 

l 

o 

V 

1 

Output Voltage 

V 0 UT 

-1. 0-7.0 

V 

1 

Power Supply Voltage 

Vcc 

i 

b 

i 

b 

V 

1 

Operating Temperature 

Topr 

0^70 

•c 

1 

Storage Temperature 

t stg 

- 55 — 1 25 

•c 

1 

Soldering Temperature • Time 

^SOLDER 

260-10 

•C-sec 

1 

Power Dissipation 

P D 

4.8 

w 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°q 


SYMBOL 

PARAMETER 

MIN., 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

Vit 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V± 10%. Ta = 0~70*C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(ftA$, CaS, Address Cycling: tRc^tRcMiN. ) 




mA 

■ 

THM321000S-80 

- 

840 

THM321000S-10 

- 

720 

ka 

STANDBY CURRENT 

Power Supply Standby Current 
(KaS = GvS = V| H ) 

■ 

16 

mA 

■ 

•CC3 

Ea5 only refresh current 

Average Power Supply Current, ft AS Only Mode 
(Ka 5 Cycling, CaS » V|h: tRc * tpc MIN. ) 




mA 

■ 

THM321000S-80 

- 

840 

THM321000S-10 

- 

720 

'CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(ftA?sV| L , CaS Address Cycling: tpc = tpcMIN. ) 




mA 

B 

THM321000S-80 

- 

560 

THM321000S-10 

- 

480 

»CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RA!> = £a5:= V CC -0.2V) 

■ 

8 

mA 

■ 

«CC6 

ZK5 BEFORE RAf REFRESH CURRENT 

Average Power Supply Current, CaS Before ftA$ 

Mode (RA?», ZaS Cycling: t RC * t RC MIN. ) 




mA 

3 

THM321000S-80 

- 

840 

THM321000S-tO 

- 

720 

l KL) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OVS V| N S 6.5V, All Other Pins not under TestaQV) 

-80 

80 

pA 

■ 

•o (l) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OVS V C ut^ 5.5V) 

- 10 

10 

pA 

■ 

*OH 

OUTPUT LEVEL 

Output "H* Level Voltage {Iqut” -5mA) 

m 

■ 

n 

■ 

Voi 

OUTPUT LEVEL 

Output "L* Level Voltage (Iqut- 4.2mA) 

■ 

0.4 

D 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


Vrr = 5V ± 1 0%, Ta = 0~70°C) (Notes 5, 6, 7 


SYMBOL 

PARAMETER 

kc 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from RAS 

tCAC 

Access Time from CAS 

*AA 

Access Time from Column Address 

kPA 

Access Time from £a$ Precharge 

tCLZ 

to Output in Low-Z 

to FF 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

tRAS 

RAS Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

tCSH 

Hold Time 

tCAS 

CA5 Pulse Width 

tRCO 

RA$ to CaS Delay Time 

tRAO 

Ra$ to Column Address Delay Time 

tCRP 

£a£ to lA? Precharge Time 

tcp 

CAS Precharge Time (Fast Page Mode) 

tASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

tASC 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

tAR 

Column Address Hold Time referenced 
to RAS 

tRAl 

Column Address to RA$ Lead Time 

tRCS 

Read Command Set-Up Time 

tRCH 

Read Command Hold Time 

tRRH 

Read Command Hold Time referenced 

to RaS 

twCH 

Write Command Hold Time 

twCR 

Write Command Hold Time referenced 

to RA5 


THM321000S-80 THM321000S-10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THM321000S-80 

THM321000S-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 

20 

- 

El 


*RWl 

Write Command to RA$ Lead Time 

20 

- 

25 

- 

K3 


kwi 

Write Command to CA$ Lead Time 

20 

- 

25 

- 

E9 


tos 

Date Set-Up Time 

0 

- 

0 

- 

m 

11 

tDH 

Date Hold Time 

15 

- 

20 

- 

E9 

11 

tDHR 

Data Hold Time referenced to RAS 

60 

- 

75 

- 

El 


tREF 

Refresh Period 

- 

16 

- 

16 



twCS 

Write Command Set-UP Time 

0 

- 

0 

- 

El 

12 

kSR 

&S Set-Up Time (CAS before RA5 Cycle) 

5 

- 

10 

- 

E9 


*CHR 

£A5 Hold Time (CaS before Ra 5 Cycle) 

15 

- 

20 

- 

El 

HI 

tRPC 

RA$ to CA$ Precharge Time 

0 

- 

0 

- 

KB 

B 

tCPT 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 

40 

n 

50 

I 

ns 


twRP 

WRITE to RaS Precharge Time 
(£a 5 before RA$ Cycle) 

10 

- 

10 

- 

ns 


tWRH 

WRITE to RA5 Hold Time 
(CAS before RaS Cycle) 

10 

- 

10 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%, f = 1MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CI1 

Input Capacitance (A0-A9) 

- 

60 

pF 

CI2 

Input Capacitance (W) 

- 

45 

pF 

03 

Input Capacitance (RAS0, Ra55) 

- 

35 

PF 

04 

Input Capacitance (CA$0~CAS3) 

- 

30 

PF 

CDQ1 

I/O Capacitance (DQO-31) 

- 

17 

PF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. Icci* IcC3» IcC4. ICC6 depend on cycle rate. 

4. Icci» IcC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 
RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tx = 5ns. 

7. ViH(min.) and VjL(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vil. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF(max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included the data sheet as electrical 
characteristics only. If twcs^ twcs(niin.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tRCD(max.) limit insures that tRAC( m ax.) can be met. 

*RCD(max.) is specified as a reference point only: If tRCD is greater than the specified tRCDOnax.) 
limit, then access time is controlled by tcAC* 

14. Operation within the tRAD(max.) limit, insures that tRAC( m *x.) can be met. 

tRAD(max.) is specified as a reference point only: IftRAD is greater than the specified tRADOnax.) 
limit, then access time is controlled by tAA- 
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READ CYCLE 
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FAST PAGE MODE READ CYCLE 


I 


I L!bJ 




FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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C5S BEFORE K55 REFRESH CYCLE 
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HIDDEN REFRESH CYCLE (READ: 
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NOTES 




PRELIMINARY 


1,048,576 WORDS X 32 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM321020S is a 1,048,576 words by 32 bits dynamic RAM module which assembled 8 pcs of 
TC514400J on the printed circuit board. The THM321020S can be as well used as 2,097,152 words by 
16 bits dynamic RAM module, by means of connecting DQO and DQ16, DQ1 and DQ17, DQ2 and 

DQ18, , DQ15 and DQ31, respectively. The THM321020S is optimized for application to the 

systems which are required high density and large capacity such as main memory of the computers 
and as image memory systems, and to the others which are requested compact size. 


FEATURES 

• 1,048,576 words by 32 bits organization 

• Fast access time and cycle time 



THM321020 

s-ao 

THM321020 

S-10 

tRAC Ra' 5 Access Time 

80ns 

100ns 

tAA Column Address 
Access Time 

40ns 

50ns 

toe CaS Access Time 

20ns 

25ns 

Irc Cycle Time 

150ns 

180ns 

tpc Mode 

Cycle Time 

50ns 

60ns 


• Single power supply of 5V±10% 

• Low power 

4, 620m W MAX. Operating (THMxxxxxx-80) 

3,960mW MAX. Operating (THMxxxxxx-10) 

44mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh, Hidden 
refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 

• 1024 Refresh cycles/16ms 

• Tin-Lead Contact : THM32 10203-80,10 

• Gold Contact :THM321020SG-80, 10 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 




36 37 


72 


| A0-A9 

Address Inputs | 



cot-cot 

Column Address Strobe 

SOT, ROT 

Row Address Strobe 

W 

Rcad/Writc Input 

Vcc 

Power (♦SV) 

Vss 

Ground 

PD 

Presence Detect Pin 


rr 

Vjs 

mu 

A1 

HQ 

E3H 

HQ 

E3H 

HQ 

E3 

El 

E5E1 

m 


■a 

cam 

EQ 

jgflH 

HQ 

mm 

El 

E2H 

HQ 


m 

i»CTHi 

■a 

mm 

HQ 


HQ 

Vss 

HQ 

DQ9 

63 


m 

E3E 

HQ 

mm 

HQ 

tsm 

□o 


» 

DQ25 

64 

ESB 

Cl 

DQ17 

,7 _ 

mm 

HQ 

mm 

HO 

kwM 

HQ 


HQ 

FACT 

m 

i»I»M 

HQ 

mm 

El 

Vcc 

HQ 


El 

CsSB 

HQ 

m 

m 

13331 

m 

warn 

HQ 

A8 

HQ 


HQ 

E3H 

El 

[Si 

m 

mm 

TT1 

EtlHI 

HQ 


HQ 


m 


El 

ESDI 

m 


hq 


HQ 

vm 

HQ 

mm 

El 


El 

mm 

■a 


m 

E9I 

K 3 


HQ 

mm 

El 

ESI 

El 

EsDB 

LK 

NC 

mu 

E 

HQ 

mm 

HQ 

OH 

El 

Vcc 

HQ 

E9H 

m 

A0 

m 

E3 

HQ 

K9H 

HQ 

mm 

El 


HQ 




l: 

-80 

- 10 

HQ 

E29I 

o 

ESI 

Vss 

Vss 

[PM 

NC 

Vss 

m 

eh 

EH 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

- 1.0— 7.0 

V 

1 

Output Voltage 

Vomr 

- 1.0 — 7-0 

V 

1 

Power Supply Voltage 

Vcc 

- 1.0— 7.0 

V 

1 

Operating Temperature 

Top* 

•0—70 

•c 

1 

Storage Temperature 

Tstg 

-55-125 

•c 

1 

Soldering Temperature ‘Time 

Tsolder 

260- 10 

*C • sec 

1 

Power Dissipation 

Pd 

4.8 

w 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V.h 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,L 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vri- = 5V ± 10%. Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RA5, CaS, Address Cycling: t RC «t RC MIN.) 




mA 

■ 

THM32I020S-80 

_ 

840 

THM321020S-10 

- 

720 

>CC2 

STANDBY CURRENT 

Power Supply 5tandby Current 
(W*C5?*V 1H ) 

■ 

16 

mA 

■ 

•CC3 

Ia5 ONLY REFRESH CURRENT 

Average Power Supply Current, AA5 Only Mode 
(R55 Cycling, &5 »Vih: tRc»tRcMIN. ) 




mA 

■ 

THM321020S-80 

- 

840 

THM321020S-10 

- 

720 

'CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RaS a V )L , CaS Address Cycling: tpc* t?cMlN. ) 




mA 

n 

THM321020S-80 

- 

560 

THM321020S-10 


480 

«CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(Ra5*TO*V cc -0.2V) 

■ 

8 

mA 

■ 

•ccs 

Ca5 BEFORE E5S REFRESH CURRENT 

Average Power Supply Current, CA5 Before RAS 
ModefftA!?, CAS Cycling: tRc = tRcMIN. ) 




mA 

■ 

THM321020S-80 

- 

840 

THM321020S-10 

- 

720 

•ko 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVS V| N S 6.5V, All Other Pins not under Test*0V) 

-80 

80 

l*A 

■ 

•od) 

OUTPUT LEAKAGE CURRENT 

(Dout '5 disabled, OVS V 0UT i 5.5V) 

-10 

10 

jiA 

■ 

>OH 

OUTPUT LEVEL 

Output "H" Level Voltage {Iout* -5mA) 

D 

■ 

D 

■ 

VOL 

OUTPUT LEVEL 

Output "L“ Level Voltage (Iout * 4.2mA) 

■ 

D 

D 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


Vrr = 5V± 10%. Ta = 0~70°C) (Notes 5. 6. 7 


THM321020S-80 THM321020S-10 


SYMBOL 

PARAMETER 

Uc 

Random Read or Write Cycle Time 

Uc 

Fast Page Mode Cycle Time 

t RAC 

Access Time from 

kAC 

Access Time from CM 

l AA 

Access Time from Column Address 

kPA 

Access Time from CAS Pre charge 

kiz 

Ca$ to Output in Low-Z 


Output Buffer Turn-off Delay 

t T 

Transition Time (Rise and Fall) 


AM Precharge Time 

tflAS 

AM Pulse Width 

Uasp 

RA$ Pulse Width (Fast Page Mode) 

U5H 

AA$ Hold Time 

kSH 

CAS Hold Time 

kAS 

CAS Pulse Width 

UCD 

AM to CAS Delay Time 

Uad 

AM to Column Address Delay Time 

kRp 

CAS to AaS Precharge Time 

kp 

CM Precharge Time (Fast Page Mode) 

UiR 

Row Address Set-Up Time 

UAH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

kAH 

Column Address Hold Time 

tAR 

Column Address Hold Time referenced 

to AM 

•RAL 

Column Address to AM Lead Time 

Ucs 

Read Command Set-Up Time 

Ucw 

Read Command Hold Time 

U«M 

Read Command Hold Time referenced 
to AM 

*WCH 

Write Command Hold Time 

*WCR 

Write Command Hold Time referenced 

to AM 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THM321020S-80 

THM321020S-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 

20 

- 

a 


tRWL 

Write Command to AM Lead Time 

20 

• 

25 

- 

E9 


kwi 

Write Command to CM Lead Time 

20 

- 

25 

- 

m 


tos 

Date Set-Up Time 

0 

- 

0 

- 

■9 

11 

tOH 

Date Hold Time 

15 

- 

20 

- 

m 

11 

tOHR 

Data Hold Time referenced to RA$ 

60 

- 

75 

- 

n 


tREF 

Refresh Period 

- 

16 

- 

16 

ES 


twcs 

Write Command Set-UP Time 

m 

- 

0 

- 

D 

12 

kSR 

CM Set-Up Time (CAS before AM Cycle) 

m 

- 

10 

- 

B9 


tCHR 

CM Hold Time (CA$ before AAS Cycle) 

15 

- 

20 

- 

D 


*RPC 

RA$ to CaS Precharge Time 

0 

- 

0 

- 

KB 


tCPT 

CM Precharge Time (CM before Aa 5 
Counter Test Cycle) 

40 

n 

50 

- 

ns 


*WRP 

WAITE to AM Precharge Time 
(CM before AM Cycle) 

to 

- 

10 

- 

ns 


twRH 

WATTE to AM Hold Time 
(CM before AM Cycle) 

10 

a 

10 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%, f = 1 MHz, Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CM 

Input Capacitance (A0-A9) 

- 

88 

pF 

C12 

Input Capacitance (W) 

- 

84 

PF 

CI3 

Input Capacitance (AM?, AM?) 


42 

PF 

CI4 

Input Capacitance (CM5-CA53) 

■SB 

36 

PF 

CDQ1 

I/O Capacitance (DQ0 — 31) 

■m 

17 

PF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to VsS- 

3. Icci. ICC3. ICC4. IcC6 depend on cycle rate. 

4. IcCl> ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 
RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tr = 5ns. 

7. VjH(min.) and ViL(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF(niax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included the data sheet as electrical 
characteristics only. If twcs^J twcsCniin.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tRCD(max.) limit insures that tRACfaax.) can be met. 

tRCD(max.) is specified as a reference point only: If tRCD is greater than the specified tRCDfaiax.) 
limit, then access time is controlled by tcAC* 

14. Operation within the tRADfaaax.) limit, insures that tRACtoax.) can be met 

tRAD(max.) is specified as a reference point only: IftRAD is greater than the specified tRAD(niax.) 
limit, then access time is controlled by tAA* 
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READ CYCLE 




£a?> 


A0—A9 


wmn 


OQO— 

DQ31 







VALID DATA-OUT 



or *V 
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FAST PAGE MODE READ CYCLE 


I 


Li sd 






FAST PAGE MODE WHITE CYCLE (EARLY WRITE) 


THM321 020S-80, 10 
THM321 020SG-80, 10 


m 


Ca5 


A0-A9 


wmz 


DQO~ 

0Q31 




VAUO DATA IN 


m H m or *1* 
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HIDDEN REFRESH CYCLE (READ 
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OUTLINE DRAWINGS 

Unit in mm 


FRONT SIDE 2-03.18 1 0.05 



BACK SIDE 




• THM321020S •THM321020SG 
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4,194,304 WORDS x 9 BIT DYNAMIC RAM MODULE 
DESCRIPTION 


PRELIMINARY 


The THM94000S/L is a 4,194,304 words by 9 bits dynamic RAM module which assembled 9 pcs of 
TC514100J on the printed circuit board. 

The THM94000S/L is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and an image memory systems, and to the 
others which are requested compact size. 


FEATURES 

• 4,194,304 words by 9 bits organization 

• Fast access time 



THM94000S/L-80 

THM94000S/L-10 

t RAC 

RA5> Access Time 

80ns 


*AA 

Column Address Access Time 

40ns 

50ns 

tCAC 

CAS Access Time 

20ns 

25ns 

*RC 

Cycle Time 

150ns 

180ns 

tpc 

Fast Page Mode Cycle Time 

50ns 

60ns 


• Single power supply of 5V±10% 

• Low power 4,950mW MAX. Operating (THM94000S/L-80) 

4,212mW MAX. Operating (THM94000S/L- 10) 

__ 49.5mW MA X. Standby 

• CAS before RAJ? refresh, RA$ only refresh, Hidden refresh, and Fast Page Mode capability 

• All inputs and outputs TTL compatible 

• 1,024 refresh cycles/16ms 


PIN CONNECTION (TOP VIEW) 

THM94000S THM94000L 


VCC 0) 
CaT (2) 
DQ0 • (3) 
A0 (4) 
A l (5) 
DQ1 (6) 
A2 (7) 
A3 (8) 
VSS (9) 
DQ2 (10) 
A4 (11) 
AS (12) 
DQ3 (13) 
A6 (14) 
A7 (15) 
OQ4 (16) 
A8 (17) 
A9 (18) 
A10 (19) 
DQ5 (20) 
W (21) 
VSS (22) 
OQ6 (23) 
N.C. (24) 
OQ7 (25) 
Q8 (26) 
RA|_{27) 
CAS 8 (28) 
08 (29) 

VCC (30) 



PIN NAMES 


A0-A10 

Address Inputs 

DQ0-DQ7 

Data Inputs/Outputs 

D8 

Data Inputs 

Q8 

Data Outputs 

US 

Column Address Strobe 

raS 

Row Address Strobe 

w 

Read/Write Input 

Zasq 

Column Address Strobe 

Vcc 

Power ( + 5V) 

v S s 

Ground 

N.C. 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

- 1. 0—7.0 

V 

1 

Output Voltage 

VoUT 

- 1. 0-7.0 

v 

1 

Power Supply Voltage 

v C c 

- 1.0— 7.0 


1 

Operating Temperature 

Topr 

0-70 

°C 

1 

Storage Temperature 

t stg 

-55-125 

°c 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

°C • sec 

1 

Power Dissipation 

Pd 

5-4 

W 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V,H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

Vii 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vrr = 5V t 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

>CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, £a 3>, Address Cycling: t R c = t R c MIN.) 

THM XXXXXX-80 

- 

900 

mA 

3, 4 

THM xxxxxx-10 

- 

765 

•CC 2 

STANDBY CURRENT 

Power Supply Standby Current 
(ffAS = CAS = V, H ) 

- 

18 

mA 


•CC3 

RA5 ONLY. REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RA? Cycling, CAS V, H : t RC = t RC MIN.) 

THM xxxxxx-80 

- 

900 

mA 

3 

THM xxxxxx-10 

- 

765 

•CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V| L , £aS Address Cycling: t P c = t P c MIN.) 

THM x x x x x x - 80 

- 

540 

mA 

3, 4 

THM xxxxxx-10 

- 

450 

•CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RA? = Ca5 = V cc -0.2V) 

- 

9 

mA 


•CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CAS Cycling: t R c = t R c MIN.) 

THM xxxxxx-80 

- 

900 

mA 

3 

THM xxxxxx-10 

- 

765 

•kl) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V£ V| N £6.5V All Other Pins not under Te$t = 0V) 

-90 

90 

pA 


•O(L) 

OUTPUT LEAKAGE CURRENT 
(D 0 ut «s disabled, 0V£ V 0UT 5 5.5V) 

-20 

20 

pA 


V 0 H 

OUTPUT LEVEL 

Output "H* Level Voltage (l OUT = 5 - mA) 

2.4 

- 

V 


V OL 

OUTPUT LEVEL 

Output "L" Level Voltage (lour = 4.2mA) 

- 

0.4 

V 
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4000S 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V CC = 5V ± 10%, Ta = 0~70°C) (Notes 5, 6, 7) 


THM940Q0S-8Q 


THM94000S-10 


tRC 

Random Read or Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tRAC 

Access Time from RA$ 



Access Time from CaS 


Access Time from Column Address 


Access Time from CAS Precharge 


CAS to Output in Low-2 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


tRAS 

RAS Pulse Width 

tRASP 

Ka 5 Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

tCSH 

CAS Hold Time 

*CA$ 

Za5 Pulse Width 

tRCD 

RA$ to CAS Delay Time 

tRAO 

Ka 5 to Column Address Delay Time 

kRP 

CAS to RAS Precharge Time 

*CP 

CaS Precharge Time (Fast Page Mode) 

*ASR 

Row Address Set-Up Time 

*RAM 

Row Address Hold Time 

USC 

Column Address Set-Up Time 

kAH 

Column Address Hold Time 

tAR 

Column Address Hold Time referenced to 

RAS 

tRAl 

Column Address to RAS Lead Time 

*RCS 

Read Command Set-Up Time 

tRCH 

Read Command Hold Time 

tRRH 

Read Command Hold Time referenced to 

RAS 

twCH 

Write Command Hold Time 

*WCR 

Write Command Hold Time referenced to 

RAS 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 



PARAMETER 

THM94000S-80 • 

THM94000S-10 



MIN. 

MAX. 

MIN. 

MAX. 

t W p 

Write Command Pulse Width 

15 

- 

20 

- 

ns 


tRWl 

Write Command to RAS Lead Time 

20 

- 

25 

- 



kwi 

Write Command to CAS Lead Time 

20 

- 

25 

- 

ns 


k>S 

Data Set-Up Time 

0 

- 


— 

ns 

11 

*DH 

Data Hold Time 

15 

- 

20 

Si 

ns 

11 

*DHR 

Data Hold Time referenced to RaS 

60 

- 

75 

- 

ns 


tREF 

Refresh Period 

- 

16 

- 

16 

ms 


*WCS 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

12 

kSR 

CAS Set-Up Time (CAS before RAS Cycle) 

5 

- 

10 

- 

ns 


kHR 

CAS Hold Time (CaS before RAS Cycle) 

15 

- 

20 

- 

ns 


*RPC 

RAS to tA? Precharge Time 

0 

- 

0 

- 

a 


tcPT 

CAS Precharge Time (CAS before RAS 

Counter Test Cycle) 

40 

- 


- 

a 


%RP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 



twRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 

■ 


CAPACITANCE (Vrr = 5 V 1 10%, f = 1MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (A0~ A 10, W, CAS, RAS) 

- 

60 

pF 

C| 2 

Input Capacitance (D8, CAS8) 

- 

10 

pF 

Coo 

I/O Capacitance (DQ0~DQ7) 

- 

15 

pF 

Cq 

Output Capacitance (Q8) 

- 

10 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss« 

3. IcCi. ICC3» ICC4> IcC6 depend on cycle rate. 

4. IcCl» IcC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT = 5ns. 

7. Vih (min.) and Vjl (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil,. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tRCII or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twCS— twcs (min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

14. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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FAST PAGE MODE READ CYCLE 
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ONLY REFRESH CYCLE 
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Ca 5 BEFORE RAg REFRESH COUNTER TEST CYCLE 
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1 ,048,576 WORDS X 36 BIT DYNAMIC RAM MODULE 

description 

The THM36102CS is a 1,048,576 words by 36 bits dynamic RAM module which assembled 8 pcs of 
TC514400J and 4 pcs of TC511000AJ on the printed circuit board. The THM361020S can be as well 
used as 2,097,152 words by 18 bits dynamic RAM module, by means of connecting DQO and DQ18, 

DQ1 and DQ19, DQ2 and DQ20, , DQ17 and DQ35, respectively. The THM361020S is optimized 

for application to the systems which are required high density and large capacity such as main 
memory of the computers and as image memory systems, and to the others which are requested 
compact size. 


FEATURES 

• 1,048,576 words by 36 bits organization • 

• Fast access time and cycle time • 



THM361020 

S-80 

THM361020 

S-10 

*rac RA S Access Time 

80ns 

100ns 

t AA Column Address 

Access Time 

40ns 

50ns 

*Cac ^A!> Access Time 

20ns 

25ns 

t R c Cycle Time 

150ns 

180ns 

tpc Fast Page Mode 
Cycle Time 

50ns 

60ns 


Single power supply of 5V±10% 

Low power 

6,160mW MAX. Operating (THMxxxxxx-80) 

5,280mW MAX. Operating (THMxxxxxx-10) 

66mW MAX. Standby 

CAS before RAS refresh, RAS only refresh, Hidden 
refresh, and Fast Page Mode capability. 

All inputs and outputs TTL compatible 
1024 Refresh cycles/ 8ms (Burst Refresh) 

1024 Refresh cycles/16ms (Distributed Refresh) 
Tin-Lead Contact : THM361020S-S0.10 
Gold Contact : THM361020SG-80.10 


PIN CONNECTION (TOP VIEW) PIN NAMES 


A0— A9 

Address Inputs 

DQO— DQ35 

Data Input/Outputs 


Column Address Strobe 

KaZQ, ra$2 

Row Address Strobe 

w 

ReadWrite Input 

v C c 

Power ( + 5V) 

v SS 

Ground 

PD 

Presence Detect Pin 




-80 

- 10 

PD0 

Vss 

Vss 

PD1 

Vss 

Vss 

PD2 

NC 

Vss 

PD3 

Vss 

Vss 


1 

Vss 

13 

A1 

25 

DQ24 

37 

DQ 1 7 

49 

DQ9 

61 

DQ14 

2 

DQO 

14 

A2 

26 

DQ7 

38 

DQ35 

50 

DQ27 

62 

DQ33 

3 

DQ 18 

15 

A3 

27 

DQ25 

39 

Vss 

51 

DQ10 

63 

DQ1 5 

4 

DQ1 

16 

A4 

28 

A7 

40 

cas5 

52 

DQ28 

64 

DQ34 

5 

DQ19 

17 

A5 

29 

NC 

41 

ZaH 

53 

DQ11 

65 

DQ16 

6 

DQ2 

18 

A6 

30 

v C c 

42 

ZaH 

54 

DQ29 

66 

NC 

7 

DQ20 

19 

NC 

31 

A8 

43 

cast 

55 

DQ 1 2 

67 

PD0 

8 

DQ3 

20 

DQ4 

32 

I A9 

44 

RAS0 

56 

DQ30 

68 

PD1 

9 

DQ21 

21 

DQ22 | 

33 

NC 

45 

NC 

57 

DQ13 

69 

PD2 

10 

vcc 

22 

DQ5 

34 

KaH 

46 

NC 

58 

DQ3 1 

70 1 

PD3 

1 1 

NC 

23 

DQ23 

35 

DQ26 

47 

W 

59 

Vcc 

71 

NC 

12 

A0 

24 

DQ6 

36 

DQ3 

48 

NC 

60 

DQ32 

’ 72 

v S s 
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BLOCK DIAGRAM 



V cc o p ►- MO *11 

v/ r CO-11 

V ss o l— MO-11 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V, N 

- 1. 0-7.0 

V 

1 

Output Voltage 

V 0 UT 

- 1. 0-7.0 

V 

1 

Power Supply Voltage 

Vcc 

- 1.0— 7.0 

V 

1 

Operating Temperature 

Topr 

0-70 

°C 

wmmm 

Storage Temperature 

t stg 

-55-125 

•c 

mmam 

Soldering Temperature • Time 

Tsolder 

260 • 10 

°C • sec 

i 

Power Dissipation 

Pd 

7.2 

W 

i 

Short Circuit Output Current 

•out 

50 

mA 

i 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

v C c 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V, H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V.L 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 


B-71 






















THM361 020S-80, 10 
THM361 020SG-80, 1 0 


DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%. Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

■cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t R c = t RC MIN. ) 





■ 

THM361020S-80 

_ 


THM361020S-10 

- 

960 

( CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(MS = CAS = V, H ) 

- 

24 

mA 

■ 

•CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RA$" Only Mode 
(RA5> Cycling, CA5 sV, h : t RC = t RC MIN. ) 




mA 

3 

THM361020S-80 

- 

1120 

THM361020S-10 

- 

960 

'CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V| L , CAS Address Cycling: tpc = tpcMIN.) 




mA 

3, 4 

THM361020S-80 

- 

760 

THM361020S-10 

- 

640 

'CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V cc - 0.2 V) 

- 

12 

mA 


'CC6 

CAS BEFORE RA?> REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CAS Cycling: t RC = t RC MIN.) 




mA 

3 

THM361020S-80 

- 

1120 

THM361020S-10 

- 

960 

'ku 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V£ V| N S 6.5V, All Other Pins not under Test = 0V) 

- 120 

120 

pA 


'o <L) 

OUTPUT LEAKAGE CURRENT 

(D 0 ut is disabled, OVS V 0 utS 5.5V) 

- 10 

10 

pA 


'oh 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut = -5mA) 

2.4 

■ 


■ 

VOL 

OUTPUT LEVEL 

Output ”L* Level Voltage (I 0U t = 4.2mA) 

- 

0.4 

V 

■ 


B-72 














THM361 020S-80, 10 
THM361 020SG-80, 10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vrr = 5V ± 1 0%. Ta = 0~70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

THM36 1020S-80 

THM361020S-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

Uc 

Random Read or Write Cycle Time 

150 

- 


- 

BS 


Uc 

Fast Page Mode Cycle Time 

50 

- 

60 

- 

■9 


tRAC 

Access Time from RAS 

- 

80 

- 

too 

ns 

8, 13 

t-CAC 

Access Time from CaS 

- 

20 


25 

ns 

8, 13 

Ua 

Access Time from Column Address 

- 

40 

- 

50 

ns 

8, 14 

kPA 

Access Time from CaS Precharge 

- 

45 

- 

55 

B9 

8 

klZ 

CAS to Output in Low-Z 


- 

0 

- 

m 

8 

t0EF 

Output Buffer Turn-off Delay 


20 

0 

20 

m 

9 

tT 

Transition Time (Rise and Fall) 

3 

50 

3 


D 

7 

tRP 

RA$ Precharge Time 


- 


- 

ns 



RAS Pulse Width 





ns 



RAS Pulse Width (Fast Page Mode) 




200,000 

ns 


tR5H 

RA3 Hold Time 


- 

1 

- 

ns 


l CSH 

CaS Hold Time 

80 

- 

HU 

- 

El 


*CAS 

CAS Pulse Width 



■ 


■a 


*RCD 

RAS to CAS Delay Time 


60 

ES 


D 


^rad 

RAS to Column Address Delay Time 

15 

40 

20 

50 

ns 

14 

kRP 

CAS to RA'S Precharge Time 

5 

- 

10 

- 

ns 


k p 

CAS Precharge Time (Fast Page Mode) 

10 

- 

10 

- 

ns 


U$R 

Row Address Set-Up Time 

0 

- 


- 

19 


tRAH 

Row Address Hold Time 

10 

- 


- 



Use 

Column Address Set-Up Time 

0 

- 


- 



kAH 

Column Address Hold Time 

15 

- 

20 

- 

m 


Ur 

Column Address Hold Time referenced 
to RAJ 

60 

- 

75 

- 

ns 


Iral 

Column Address to RaS Lead Time 

40 

- 

50 

- 

;HS 


Ucs 

Read Command Set-Up Time 

0 

- 

0 

- 

E9 


tRCH 

Read Command Hold Time 

0 

- 

n 

- 



Urh 

Read Command Hold Time referenced 

to RAJ 

0 


B 

- 


10 

twCH 

Write Command Hold Time 

15 

- 


_ 

m 


twCR 

Write Command Hold Time referenced 

to RA? 

60 

- 


- 

ns 
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ELECTRICAl CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THM361020S-80 

THM361020S-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 


- 

E9 


tRWL 

Write Command to Ra 5 Lead Time 

20 

- 

25 

- 

■9 


kwi 

Write Command to CaS Lead Time 


- 

25 

- 

19 


IDS 

Date Set-Up Time 

0 

- 

0 

- 

E9 


tDH 

Date Hold Time 

15 

- 


- 

ns 

11 

^OHR 

Data Hold Time referenced to RA^ 


- 

75 

- 

m 


tREf 

Refresh Period 

- 

16 

» 

16 

n 


twcs 

Write Command Set-UP Time 

0 

- 

0 

- 

m 

12 

kSR 

CAS Set-Up Time (CAS before RAS Cycle) 

5 

- 

10 

- 

ns 


l CHR 

CAS Hold TimefCA? before RAS Cycle) 

15 

- 

20 

- 

ns 


tRPC 

RAS to CAS Pre charge Time 

0 

- 

0 

- 

ns 


tCPT 

CAS Precharge Time (HAS before RAS 
Counter Test Cycle) 

40 

- 

50 

- 

ns 


twRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 


tWRH 

WRITS to RA<> Hold Time 
(CAS before RA"5 Cycle) 

10 

- 

10 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%, f « 1MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CM 

Input Capacitance (A0-A9) 

- 

88 

pF 

02 

Input Capacitance (W) 

- 

84 

pF 

03 

Input Capacitance (RAS 6, ft AS 2) 

- 

42 

pF 

04 

Input Capacitance (£a$0-6\S3) 

- 

36 

pF 

CDQ1 

I/O Capacitance (DQO-7, 9-16, 18-25,27-34) 

- 

17 

PF 

HE3391 

I/O Capacitance (DQ8, 17, 26, 35) 

1 

22 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss. 

3. IcCl. ICC3, ICC4, ICC6 depend on cycle rate. 

4. Icci» ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 
RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume t'r = 5ns. 

7. Vm(min.) and VjiJmax.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vjm and Vu,. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toi'F(max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either Lrch or tRRu must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included the data sheet as electrical 
characteristics only. If tv/CS— t\vcs( m i n -)i the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tRCD(max.) limit insures that tRAC(niax.) can be met. 

tRCD(max.) is specified as a reference point only: If tRCD is greater than the specified tRCDCniax.) 
limit, then access time is controlled by tcAC- 

14. Operation within the tRAD(max.) limit, insures that tRAC( m &x.) can be met. 

tRAD(niax.) is specified as a reference point only: IftRAD is greater than the specified tRAo( m ’ax.) 
limit, then access time is controlled by tAA* 
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FAST PAGE MODE READ CYCLE 


I L 


Jsd 
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RAS only refresh cycle 



Note: WRITE = "H" or "l* 
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OUTLINE DRAWINGS 
FRONT SIDE 


2-03.18 + 0.05 


I | 8.89MAX. 



7.23MI N 







NOTES 



1,048,576 WORDS x40 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM401020SG is a 1,048,576 words by 40 bits dynamic RAM module which assembled 10 pcs of 
TC5 14400 J on the printed circuit board. 

The THM401020SG is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 


FEATURES 

• 1,048,576 words by 40 bits organization 

• Fast access time and cycle time 



THM401020 

SG-80 

THM401020 

SG-10 

tRAC RA5 Access Time 

80ns 

100ns 

t A A Column Address 

Access Time 

40ns 

50ns 

tcAC CAS Access Time 

20ns 

25ns 

tRC Cycle Time 

150ns 

180ns 

tpc Fast Page Mode 
Cycle Time 

50ns 

60ns 


• Single power supply of 5V±10% 

• Low power 

5,775mW MAX. Operating (THMxxxxxx-80) 

4,950m\V MAX. Operating (THMxxxxxx-10) 

55mW MAX. Standby 

• Read-Modify-write,CAS before RAS refresh, 

RAS only refresh, Hidden refresh, and Fast Page 
Mode capability. 

• All inputs and outputs TTL compatible 

• 1024 Refresh cycles/16ms 

• Gold Contact 

• JEDEC OUTLINE :THM401020SG-80, 10 

• NON JEDEC OUTLINE :THM401040SG-80, 10 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 



THM401020SG 


THM401040SG 


72 


A0-A9 

Address Inputs 

DQ0-DQ39 

Data Inputs/Outputs 

Ca5 

Column Address Strobe 

Ea5 

Row Address Strobe 

w 

Read/Write Input 

m 

Output Enable 

v C c 

Power ( + 5 V) 

Vss 

Ground 

PD 

Presence Detect Pin 


nr 

Vss 

■B 

A1 

wm 

ESI 

El 

E5E1 

El 

I»PCT 

El 

EEEH 

m 

IBB 

El 

A2 

m 


El 


El 

BSESB 

wm 


E 

EMI 

m 


m 

DQ15 

39 

Vss 

El 

M'RTI 

63 

DQ35 | 

m 


E 

A4 

El 

A7 

El 

m 

■3 


El 

ES9 

m 

m 

■a 

EM 

El 


ma 

NC 

El 


El 

em 

■a 

EM 

K3 

EM 

El 


42 

NC 

El 

Esa 

66 

DQ38 | 

E 

m 

_»» 

Mi 

E 

EEH 

43 

NC 

wm 

ESS9 

El 

E&B 

8 

DQ6 

m 

EM 

wm 

A9 _ 

ei 

EBI 

wm 

EFTH' 

El 

USB 

9 

EM 

wm 

DQ9 

El 


El 

BBH 

El 

ESEB 

El 


mi 

Vcc 

m 

DQ10 

El 

E9H 

m 

MJsHB 

El 

mm 

El 

EsSH 

m 

NC 

» 

DQ11 

35 

DQ17 

47 


El 

Vcc 

El 

EEESI 

m 

A0 

El 


36 

E«BW 

El 


El 


■a 

Vss 1 


r~ 



El 

Vss 


PD1 



El 

NC 

Vss 

na 

Vss 

Vss 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V, N 

• 

b 

t 

b 

V 

1 

Output Voltage 

VOUT 

- 1.0— 7.0 

V 

1 

Power Supply Voltage 

Vcc 

-1. 0-7.0 

V 

1 

Operating Temperature 

Tqpr 

0—70 

•c 

1 

Storage Temperature 

KM 

-55-125 

•c 

1 

Soldering Temperature • Time 

Tsoider 

260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

6.0 

W 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

warn 

ra 

5.5 

V 

2 

V, H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

Vil 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%, Ta = 0~70 e C) 


SYMBOL 

PARAMETER 

MIN. 

eg 

UNITS 

NOTES 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RA$, £AS, Address Cycling: tRc = tRcMIN. ) 




mA 

Q 

THM401020SG-8Q 

- 

1050 

THM401020SG-10 

- 

900 

*CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5 = Ca5 = V|h) 

■ 

20 

mA 

■ 

ICC3 

RA5 ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RA$ Cycling, CASs V IH : tRC = tRC M IN. ) 




mA 

B 

THM401020SG-80 

- 

1050 

THM401020SG-10 

- 

900 

J CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS a V| L , CAS Address Cycling: tpc = tpcMIN. ) 




mA 

g 

THM401020SG-80 

- 

700 

THM401020SG-10 

- 

600 

•CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CA5 = V cc -0.2V) 

■ 

10 

mA 

■ 

*CC6 

CAS BEFORE lA? REFRESH CURRENT 

Average Power Supply Current, CA$ Before RA$ 

Mode (RA$, CAS Cycling: tRc = tRcMIN.) 




mA 

3 

THM401020SG-80 

- 

1050 

THM401020SG-10 

- 

900 

*1(1) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OVS V| N S 6.5V, All Other Pins not under Test = 0V) 

-100 

100 

pA 

■ 

'O(L) 

OUTPUT LEAKAGE CURRENT 
(D 0U t is disabled, OVS V 0 U tS 5.5V) 

- 10 

10 

pA 

■ 

VOH 

OUTPUT LEVEL 

Output M H" Level Voltage (Iout® -5mA) 

D 

■ 

D 

■ 

Vql 

OUTPUT LEVEL 

Output 'V Level Voltage (Iout = 4.2mA) 

■ 

a 

D 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


Vrr = 5V± 10%. Ta = 0~70°0 (Notes 5. 6. 7 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tRMW 

Read-Modify-Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

tRAC 

Access Time from RA$ 

*CAC 

Access Time from CAS 

Ua 

Access Time from Column Address 

tCPA 

Access Time from CAS Precharge 

*CLZ 

CA§ to output in Low-Z 

tOFP 

Output Buffer Turn-off Delay 

t T 

Transition Time (Rise and Fall) 

tRp 

Ra$ Precharge Time 

tRAS 

Ra 5 Pulse Width 

tRASP 

RA<> Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

UhCP 

RAS Hold Time From £ a $ Precharge 
(Fast Page Mode) 

U5H 

CAS Hold Time 

tCAS 

£a 5 Pulse Width 

tRCD 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay Time 

tCRP 

CAS to RAS Precharge Time 

*CP 

CaS Precharge Time 
(Fast Page Mode) 

USR 

Row Address Set-Up Time 

UaH 

Row Address Hold Time 

Use 

Column Address Set-Up Time 

tCAH 

Column Address Hold Time 

Ur 

Column Address Hold Time referenced 
to RA5 

*RAt 

; Column Address to RA$ Lead Time 

tRCS 

Read Command Set-Up Time 

tRCH 

Read Command Hold Time 


THM401020 

SG-80 

THM401020 

SG-10 

MIN. 

MAX. 

MIN. 

MAX. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 


SYM80L 

PARAMETER 

tRRH 

Read Command Hold Time referenced 

to RAS 

twcH 

Write Command Hold Time 

*WCR 

Write Command Hold Time referenced 

to RAS 

twp 

Write Command Pulse Width 

t RWl 

Write Command to Ra 5 Lead Time 

tCWl 

Write Command to Ca 5 Lead Time 

tos 

Data Set-Up Time 

tDH 

Data Hold Time 

tDHR 

Data Hold Time referenced to RAS 

tREF 

Refresh Period 

twcs 

Write Command Set-UP Time 

*CWD 

£a? to WRITE Delay Time 

tRWD 

RAS to WRITE Delay Time 

^AWD 

Column Address to WRITE Delay Time 

kPWD 

CAS Precharge to WRITE Delay Time 

kSR 

CAS Set-Up Time(CAS before RAS Cycle) 

kHR 

CAS Hold Time(CAS before RAS Cycle) 

^RPC 

RAS to CAS Precharge Time 

tCPT 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 

tROH 

RAS' Hold Time referenced to <31: 

t0EA 

?5E Access Time 


THM401020 

SG-80 


THM401020 

SG-10 


OE to Data Delay 

Output buffer turn off Delay Time 

from <5E 


fOEH 

OE Command Hold Time 

20 

*WRP 

WRITE to RAS Precharge Time 
(CAS before RA? Cycle) 

10 

*WRH 

WRITE to RAS Hold Time 
(CAS before RaS Cycle) 

10 
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CAPACITANCE (Vrr = 5V ± 1 0% , f = 1 MHz, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CI1 

Input Capacitance 

(A0-A9) 

- 

65 

PF 

CI2 

Input Capacitance 

(W, UE) 

- 

65 

pF 

CI3 

Input Capacitance 

(Ia5) 

- 

50 

pF 

CI4 

Input Capacitance 

(£a5) 

- 

60 

pF 

CDQ 

I/O Capacitance 

(DQ0-DQ39) 

- 

17 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss* 

3. IcCl» ICC3> ICC4, ICC6 depend on cycle rate. 

4. IcCl, ICC4 depend on output loading. Specified value are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vil and CAS = Vm. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT = 5ns. 

8. Vih (min.) and Vr, (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vil- 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

11. Either tRcn or tRiiil must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in read-write cycles. 

13. twcs. tRWD* tcwD, tAWD and tcpwo are not restrictive operating parameters. They are included 

in the data sheet as electrical characteristics only. If twGS— twcs (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD— tRWD (min.), tcwD= tcWD (min.), tAWD— tAWD (min.) and tcPWD^ tcpWD (min.), the cycle 

is a read-modify-write cycle and the data out will contain data read from the selected cell: If 

neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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WRITE CYCLE (EARLY WRITE) 


*RC 




j 
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WRITE CYCLE (0E CONTROLLED WRITE) 
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RBAD-MODIFY-WRITE CYCLE 


L 


ia met 
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FAST PAGE MODE READ CYCLE 
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RAS 

CAS 

AO— A9 

wrTTe 

OE 

DQO- 

DQ39 


FAST .PAGE MODE READ-MODIFY-WRITE CYCLE 
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HIDDEN REFRESH CYCLE (READ) 


RAS 

CAS 

A0-A9 

Write 

oe 

DQ0~ 

DQ39 



HIDDEN REFRESH CYCLE (WRITE) 


RAS 

CAS 

A0-A9 

WRITE 

OE 

DQ0~ 

DQ39 
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Ca5 before ra5 refresh counter test cycle 



Vn. • 

READ CYCLE 

[write l" . 


OE 

v, H 
v, L • 

DQG~ 

V OH' 


k DQ39 V 0L - 
WRITE CYCLE 

f WRITE V,H ~ 

V II - 


OE 

V IH 


VlL 

DQO- 

V(H 

DQ39 

V 1L 


READ-MODIFY-WRITE 

[write v " __! 



V,H 

OE 

VlL 

DQ0~ 

VI/OH 

DQ39 

VI/OL 


OPEN- 

twRP t\/VRH 


OPEN- 

twRP *WRH 


y/////J . F COLUMUN ADDRESS . 

*aa 

. l RCS ^ Vac 


l 

1 

*OEZ 

j^OFF 

[ VALID DATA-OUT 



t ps Jl f t DH 

V VALID DATA-IN 



<02 a _}™ 


VALID 

DATA-OUT 
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NOTES 



PRELIMINARY 


2,097,152 WORDS X 32 BIT DYNAMIC RAM MODULE 
DESCRIPTION 

The THM322020S is a 2,097,152 words by 32 bits dynamic RAM module which assembled 16 pcs of 
TC514400J on the printed circuit board. The THM322020S can be as well used as 4,194,304 words by 
16 bits dynamic RAM module, by means of connecting DQO and DQ16, DQ1 andDQl7, DQ2 and DQ18, 

, DQ15 and DQ31, respectively. The THM322020S is optimized for application to the systems which 

are required high density and large capacity such as main memory of the computers and as image 
memory systems, and to the others which are requested compact size. 


FEATURES 

• 2,097,152 words by 32 bits organization • 

• Fast access time and cycle time • 




THM322020 

S-80 

THM322020 

S-10 

tRAC 


80ns 

100ns 

*AA 

Column Address 
Access Time 

40ns 

50ns 

mm 


20ns 

25ns 

mm 

EBEEffiHHM 

150ns 

180ns 


fast Page Mode 
Cycle Time 




Single power supply of 5V ± 10% 

Low Power 

4,708mW MAX. Operating (THMxxxxxx-80) 
4,048mW MAX. Operating (THMxxxxxx-10) 
88mW MAX. Standby 

CAS before RAS refresh, RAS only refresh, Hidden 
refresh, and Fast Page Mode capability. 

All inputs and outputs TTL compatible. 

1024 Refresh cycles/16ms 

Tin-Lead Contact : THM322020S-80, 10 

Gold Contact : THM322020SG-80, 10 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 


i 


36 37 


72 


A0-A9 

Address Inputs 

DQ0-OQ31 

Data Input/Output 


Column Address Strobe 

roO-KETC 

Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power ( ♦ 5 V) 

Vss 

Ground 

PD 

Presence Detect Pin 


■■ 

bh 

ra 

DM 

ra 

iT’TVl 

ra 

era 

ra 

l&LE 

ra 

ra 

m 

EI M 

ra 

era 

ra 

cm 

ra 

era 

ra 

E&1 

ra 

mm 

m 

EH 

ra 

era 

ra 

Em 

ra 

era 

ra 

ra 

ra 

E3E1 

m 

EMU 

ra 

era 

ra 

MW 

ra 

ESC 

ra 

ESI 

ra 

ra 

m 

tvtn 

ra 

era 

ra 

mm 

ra 

Ea3i 

ra 

LMI1 

ra 

Era 

m 

EEB 

ra 

C9I 

ra 

mm 

ra 

ESI 

ra 

c&ss 

ra 

mm 

m 

EHH 

ra 

mm 

ra 

era 

ra 

Esa 

ra 

inn 

ra 

EEEI 

m 

EM 

ra 

era 

ra 

era 

ra 

ESI 

ra 

E321 

El 

EO 

in 

EMU 

ra 

E&a 

ra 


ra 

liiiJ 

ra 

Em 

ra 

173™ 

ra 

Dm 

ra 

Era 

ra 

fMM 

ra 

mm 

ra 

r.T.vri 

ra 

ESI 

m 

EEH 

ra 

ran 

ra 

era 

ra 


ra 

in 

ra 

m 

Ira 

Em 

ra 

1TOMI 

ra 

turn 

ra 

Era 

ra 

ra 

ra 

cm 


n 

n 

-ioJ 

1731 

ra 

wm 

eh 

■a 

IB 

1731 

■a 

EH 

1731 

wm 

ms 
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BLOCK DIAGRAM 



V cc o 1 ► MO-15 

CO-15 

Vjj O -- - 1 ► MO- 15 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V, N 

- 1. 0—7.0 

V 

1 

Output Voltage 

V OUT 

- 1.0— 7.0 

V 

1 

Power Supply Voltage 

Vcc 

i 

0 

1 

•vi 

o 

V 

1 

Operating Temperature 

Tqpr 

0-70 

•c 

1 

Storage Temperature 

t stg 

- 55—125 

•c 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

•C-sec 

1 

Power Dissipation 

Pd 

7.2 

W 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70*0 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V C C 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V, H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,i 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr 5 5V 1 10%. Ta=0~70 < ’Q 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(EaS, CAS, Address Cycling: t R c*t RC MIN. ) 




mA 

B 

THM322020S-80 

- 

856 

THM322020S-10 

- 

736 

1CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RaS as CAS as V| H ) 

B 

32 

mA 

B 

- 

RaS ONLY REFRESH CURRENT 

Average Power Supply Current, fiAS Only Mode 
(RaS Cycling, CAS = Vjh.' t R c 51 t R c MIN. ) 




mA 

B 

THM322020S-80 

- 

856 

THM322020S-I0 

mm 

736 

*CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(EaSsVu., CAS Address Cycling: tpc*tpcMIN. ) 


wm 


mA 

B 

THM322020S-80 

— 

576 

THM322020S-I0 

S 

496 

'CCS 

STANDBY CURRENT 

Power Supply Standby Current 
(K5S * CAS * V cc - 0.2V) 

B 

16 

mA 


!CC6 

CAS BEFORE SAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RaS, CAS Cycling: t RC «t RC MIN.) 




mA 


THM322020S-80 

- 

856 

THM322020S-10 

- 

736 

‘mu 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV S V iN S 6.5V, All Other Pins not under Test = OV) 

-160 

160 

]iA 


*0 (L) 

OUTPUT LEAKAGE CURRENT 
(0 O uT disabled, OVS V OUT S5.5V) 

-20 

20 

pA 


•oh 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout * -5mA) 

D 

■ 

D 


Voi 

OUTPUT LEVEL 

Output *L* Level Voltage (Iqut * 4.2mA) 

■ 

D 

D 
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SYMBOL 

PARAMETER 

*RC 

Random Read or Write Cycle Time 

kc 

Fast Page Mode Cycle Time 

Irac 

Access Time from HAS 

kAC 

Access Time from CaS 

i *AA 

Access Time from Column Address 

tCPA 

Access Time from CAS Precharge 

ku 

CaS to Output in Low-Z 

k>pp 

Output Buffer Turn-off Delay 

tT 

Transition Time (Rise and Fall) 

w 

HAS Precharge Time 

*RAS 

RAS Pulse Width 

tRASp 

RAS Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

kSH 

CaS Hold Time 

kAS 

CA? Pulse Width 

kCO 

RA$ to CAS Delay Time 

tRAO 

RAS to Column Address Delay Time 

kRP 

CaS to HaS Precharge Time 

kp 

CaS Precharge Time (Fast Page Mode) 

tASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

*ASC 

Column Address Set-Up Time 

kAH 

Column Address Hold Time 

tAR 

Column Address Hold Time referenced 
to Aa5 

tRAl 

Column Address to Lead Time 

tRCS 

Read Command Set-Up Time 

kCH 

Read Command Hold Time 

tRRH 

Read Command Hold Time referenced 

to HA'S 

*WCH 

Write Command Hold Time 

V/VCR 

Write Command Hold Time referenced 

to RAS 
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RECOMMENDED AC OPERATING CONDITIONS 
(Vrr = 5V± 10%. Ta = 0-70*0 (Notes 5. 6. 7) 



THM322020S-80 

THM322020S-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 


150 

- 

180 

- 

D 



50 

- 

60 

- 

n 



- 

80 

- 

100 

m 

8, 13 


- 

20 

- 

25 

m 

8, 13 


- 

40 

- 

50 

■9 

8, 14 


- 

45 

- 

55 

■9 

8 


0 

- 

n 

- 

n 

8 


mm 

20 

0 

20 

■9 

9 


3 

50 

3 

50 

■9 

7 


60 

- 

70 

- 

E9 



BO 

10,000 

100 

10,000 

m 



80 

200,000 

100 

200,000 

B9 



20 

- 

25 

- 

E9 



80 

- 

100 

- 

E9 



20 

10,000 

25 

10,000 

■9 



20 

60 

25 

75 

E9 

13 


15 

40 

20 

50 

■9 

14 


5 

- 

10 

- 

m 



10 

- 

10 

- 

E9 



0 

- 

0 

- 

E9 



10 

- 

15 

- 

E9 



0 

- 

0 

- 

K9 



15 

- 

20 

- 

E9 



60 

- 

75 

- 

ns 



40 

- 

50 

- 

E9 



0 

- 

0 

- 

E9 



0 

- 

0 

- 

E9 

10 


0 

n 

0 

- 

ns 

10 


15 


20 

- 

E9 



60 


75 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THM322020S-80 

THM322020S-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

twp 

Write Command Pulse Width 

15 

- 

20 

- 

D 


tRWl 

Write Command to AA5 Lead Time 

20 

- 

25 

- 

D 


km 

Write Command to CAS Lead Time 

20 

- 

25 

- 

n 


k>s 

Date Set-Up Time 

0 

- 

0 

- 

E9 

11 

*oh 

Date Hold Time 

15 

- 

20 

- 

■9 

11 

tOHR 

Data Hold Time referenced to Aa$ 

60 

- 

75 

- 

El 



Refresh Period 

- 

16 

- 

16 



twcs 

Write Command Set-UP Time 

0 

- 

0 

- 

m 

12 

kSR 

CaS Set-Up Time (CaS before RaS Cycle) 

5 

- 

10 

- 

m 


tCHR 

CAS Hold Time (Ca$ before RAS Cycle) 

15 

- 

20 

- 

El 


tRRC 

AaS to CAS Precharge Time 

0 

- 

0 

- 

m 


tCPT 

CAS Precharge Time (CAS before Ra$ 
Counter Test Cycle) 

40 

- 

50 

- 

ns 


tWRP 

WRITE to RAS before Precharge Time 
(CAS before RAS Cycle) 

10 

n 

10 

n 

ns 


twRM 

WRITE to RaS Hold Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 



CAPACITANCE (Vrr = 5V 1 10%. f = 1MHz, Ta = 0-70*0 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CI1 

Input Capacitance (A0~A9) 

- 

161 

pF 

CI2 

Input Capacitance (W) 

- 

168 

pF 

CI3 

Input Capacitance (RAsO- RA53) 

- 

42 

PF 

CI4 

Input Capacitance (CAS0~CA$3) 

- 

42 

PF 

CDQ1 

I/O Capacitance (DQ0— 31) 

- 

29 

PF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss< 

3. Icci, ICC3» ICC 4 , ICC6 depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 
RAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tx = 5ns. 

7. VmCniin.) and VitXmax.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vih and Vjl. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF(max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tRCH or tRRH mus t be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. tv/CS is not restrictive operating parameters. This is included the data sheet as electrical 
characteristics only. If twcs** twcs(mi n -), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tRCD(max.) limit insures that tRAC(max.) can be met. 

tRCD(max.) is specified as a reference point only: If tRCD is greater than the specified tRCD(max.) 
limit, then access time is controlled by tcAC* 

14. Operation within the tRAD(max.) limit, insures that tRAc(max.) can be met. 

tRAD(max.) is specified as a reference point only: IftRAD is greater than the specified tRAD(max.) 
limit, then access time is controlled by tAA* 
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EARLY WRITE CYCLE 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE: 
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H5S ONLY REFRESH CYCLE 



Not*: WRITE m *H" or "l" 


B- 
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gAg BEFORE KAS REFRESH CYCLE 



DQO~ V,„-_ 
DQ31 V, t _ 


> 


Note: A0—A9 * "H* or "l* 


-H- or -L* 
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HIDDEN REFRESH CYCLE (READ' 
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C%5 BEFORE KaS REFRESH COUNTER TEST CYCLE 





•H* or *L" 
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OUTLINE DRAWINGS 
FRONT SIDE 


Unit in mm 



BACK SIDE 



• THM322020S •THM322020SG 
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2,097,152 WORDS X 36 BIT DYNAMIC RAM MODULE PRELIMINARY 

DESCRIPTION 

The THM362020S is a 2,097,152 words by 36 bits dynamic RAM module which assembled 16 pcs of 
TC514400J and 8 pcs of TC511000AJ on the printed circuit board. The T11M362U20S can be as well 
used as 4,194,304 words by 18 bits dynamic RAM module, by means of connecting DQO and DQ18, 

DQ1 and DQ1.9, DQ2 and DQ20, , DQ17 and DQ35, respectively. The TI1M362020S is optimized for 

application to the systems which are required high density and large capacity such as main memory of 
the computers and as image memory systems, and to the others which are requested compact size. 


FEATURES 

• 2,097,152 words by 36 bits organization 

• Fast access time and cycle time 




THM362020 

THM362020 



S-80 

$-10 

IraC 

RA!> Access Time 

80ns 

100ns 

tAA 

Column Address 
Access Time 

40ns 

50ns 

JCAC 

(!a5 Access Time 

20ns 

25ns 

[ Cycle Time 

150ns 

180ns 

E_ 

Fast Page Mode 

Cycle Time 

50ns 

60ns 


• Single power supply of 5V±10% 

• Low Power 

6,~32mW MAX. Operating (THMxxxxxx-80) 
5,412mW MAX. Operating (THMxxxxxx-10) 
132m W MAX. Standby 

• CAS before RAS refresh, RAS only refresh, Hidden 
refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible. 

• 1024 Refresh cycles/ 8ins (Burst Refresh) 

• 1024 Refresh cycles/16ins (Distributed Refresh) 

• Tin-Lead Contact : THM362020S-80, 10 

• Gold Contact : THM362020SG-80, 10 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

input Voltage 

V, N 

- 1.0-7. 0 

V 

1 

Output Voltage 

V OUT 

- 1.0-7 0 

V 

1 

Power Supply Voltage 

Vcc 

- 1,0-70 

V 

1 

Operating Temperature 

t opr 

0-70 

”C 

1 

Storage Temperature 

t $tg 

- 55-125 

°c 

1 

Soldering Temperature • Time 

t $oloer 

260-10 

# c ■ sec 

1 

Power Dissipation 

Pd 

7 2 

w 

1 

Short Circuit Output Current 

'out 

SO 

m A 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5 5 

V 

2 

V, H 

Input High Voltage 

2,4 

- 

6.5 

V 

2 

V.L 

Input Low Voltage 

- 1 0 

- 

0 8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr = 5V ± 10%, Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

'CC» 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RA$. CAS, Address Cycling: t RC * t RC MIN. ) 




mA 

3. 4 

THM362020S-80 

- 

1144 

THM362020S-10 

- 

984 

■c« 

STANDBY CURRENT 

Power Supply Standby Current 

(ra3 = Cas = v, h ) 

- 

48 

mA 


'CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RA5 Only Mode 
(RAS Cycling, (Ta5 = V|h: t R c*t R (;MIN.) 




mA 

3 

THM362020S-80 

- 

1144 

THM362020S-10 

- 

984 

'CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RA!Uv, l . Ca 5 Address Cycling: t PC rt PC MIN.) 




mA 

3. 4 

THM362020S-80 

_ 

784 

THM362020S-10 

- 

664 

*CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RA5 s (Ta? a V cc - 0.2V) 

- 

24 

mA 


‘CC6 

CA5 BEFORE KaS REFRESH CURRENT 

Average Power Supply Current, CA$ Before RA*> 
Mode(RA$, CAS Cycling: t R c s t R(: MIN. ) 





■ 

THM362020S-80 

_ 

1 144 

THM362020S-10 

' - 

984 

•id) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV £ V| N £ 6.5V, All Other Pins not under TestsOV) 

-240 

240 


■ 

'O(l) 

OUTPUT LEAKAGE CURRENT 

(0 OU t is disabled, OV £ Vqut 5 5,5V) 

-20 



B 

■oh 

OUTPUT LEVEL 

Output "H" Level Voltage (Iqut * -5mA) 

2.4 

■ 

1 

B 

Voi 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut * 4 2mA) 

- 


B 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vrr = 5V ± 10%, Ta = 0~70°C) (Notes 5. 6, 7) 


SYMBOL 

PARAMETER 

THM362020S-80 

THM362020S-10 

UNIT 

NOTES 

MIN. 

MAX, 

MIN. 

MAX. 

tpc 

Random Read or Write Cycle Time 

150 

- 

180 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

60 

- 

ns 


tRAC 

Access Time from RA? 

- 

80 

- 

100 

E9I 


kAC 

Access Time from CM 

- 

20 

- 


ESI 


Iaa 

Access Time from Column Address 

- 

40 

- 


■91 


tCPA 

Access Time from CAS Precharge 

- 

45 

- 

55 

ns 

8 

l ClZ 

CA? to Output in Low-Z 

0 

- 

0 

- 

ns 

8 

toFP 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

ns 

9 

tT 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

7 

tpp 

ftA? Precharge Time 

60 

- 

70 

- 

ns 


tRAS 

RA? Pulse Width 

80 

10,000 

100 

10,000 

ns 


tRASP 

RA? Pulse Width (Fast Page Mode) 

80 

200,000 

100 

200,000 

ns 


tR$H 

RA? Hold Time 

20 

- 

25 

- 

ns 


ksM 

CA? Hold Time 

80 

- 

100 

- 

ns 


kAs 

CAS Pulse Width 

20 

10,000 

25 

10,000 

ns 


UCD 

RA? to CM Delay Time 

20 

60 

25 

75 

ns 

mm 

Irao 

AAS to Column Address Delay Time 

15 

40 

20 

50 

m 


t(-RP 

CA? to $A? Precharge Time 

5 

- 


- 

a 


kp 

CA? Precharge Time (Fast Page Mode) 

10 

- 

10 

- 

ns 


Usr 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


iRAH 

Row Address Hold Time 

10 

- 

15 

- 

ns 


Use 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


kAH 

Column Address Hold Time 

15 

- 

20 

- 

ns 


Ur 

Column Address Hold Time referenced 

to RA? 

60 

- 

75 

- 

ns 

■ 

tRAl. 




50 

- 

ID 

■ i 

Ucs 

Read Command Set-Up Time 

0 

- 

0 

- 

■9 

m i 

tRCM 

Read Command Hold Time 

0 

- 

0 

- 

ID 

mm 

Irrh 

Read Command Hold Time referenced 

to RM 

0 

- 

0 

- 

ns 

10 


Write Command Hold Time 

15 

- 

20 

- 

D 


twCR 

Write Command Hold Time referenced 

to rM 

60 

- 

75 

- 

D 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 


SYMBOL 

PARAMETER 

THM362020S-80 

THM362020S-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

t W P 

Write Command Pulse Width 

15 

- 

20 

- 

■a 

f§ 

Irwl 

Write Command to Aa 5 Lead Time 

20 

- 

25 

- 

m 

■ 

kwi 

Write Command to CA? Lead Time 

20 

- 


- 

ns 


l 0S 

Date Set-Up Time 

0 

- 

... ' ■ 

- 

19 

1 1 

tOH 

Date Hold Time 

15 

- 

■a 

- 

ns 

11 

*DHR 

Data Hold Time referenced to RA$ 

60 

- 


- 

■1 


Iref 

Refresh Period 

- 

16 

- 

16 

mi 


l WCS 

Write Command Set-UP Time 

0 

- 

0 

- 

ns 

12 

kSR 

CaS Set-Up Time (CaS before Aa 5 Cycle) 

5 

- 

10 

- 

m 


kHR 

CaS Hold Time(CAS before AaS Cycle) 

15 

- 

20 

- 

ns 


*RPC 

RA§ to Ca 3 Precharge Time 

0 

- 

0 

- 

ns 


kpr 

Ca§ Precharge Time (Ca 5 before RA^ 
Counter Test Cycle) 

40 

- 

50 

- 

ns 


tvVRP 

WAITS to RA$ before Precharge Time 
(OaS before AaS Cycle) 

10 

- 

10 

- 

ns 


twRH 

WfflTE to RAS Hold Time 
(CAS before RA$ Cycle) 

10 

- 

10 

- 

ns 



CAPACITANCE (Vrr = 5V ± 10%. f = 1MHz. Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 



CM 

Input Capacitance (A0-A9) 

- 

161 

pF 

CI2 

Input Capacitance (W) 

- 

168 

pF 

CI3 

Input Capacitance (AA50- AA53) 

- 

42 

pF 

04 

Input Capacitance (CA$5-<!A$3) 

- 

42 

pF 

CDQ1 

I/O Capacitance (DQO-7, 9- 16, 18-25,27-34) 

- 

29 

pF 

CDQ2 

I/O Capacitance (DQ8, 17. 26, 35) 

- 

39 

PF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss< 

3. ICC1. IcC3» ICC4, ICCG depend on cycle rate. 

4. Icci. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 
RAS initialization cycles instead of 8 RA$ cycles are required. 

6. AC measurements assume tx = 5ns. 

7. Vin(min.) and VnJmax.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and Vjl,. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tondmax.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tRCII or tium must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included the data sheet as electrical 
characteristics only. If twcs = twCS( m i n -), the cycle is an early write cycle and data out pin will 
remain open circuit (highlmpedance). 

13. Operation within the tucD^nax.) limit insures that tiiAc(max.) can be met. 

tRCD(max-) is specified as a reference point only: If tncD is greater than the specified tucu(max.) 
limit, then access time is controlled by tCAC- 

14. Operation within the tftAD( ln & x <) limit, insures that tiiAcC naa.x. ) can be met. 

tRAD(max.) is specified as a reference point only: If Iraq is greater than the specified tuAuOnax.) 
limit, then access time is controlled by tAA« 
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EARLY WRITE CYCLE 
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Ra5 only refresh cycle 



Note: WRITE = "H* or "l* 
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OUTLINE DRAWINGS 
FRONT SIDE 


Unit in mm 
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2,097,152 WORDS x 40 BIT DYNAMIC RAM MODULE PRELIMINARY 

DESCRIPTION 

The THM402020SG is a 2,097,152 words by 40 bits dynamic RAM module which assembled 20 pcs of 
TC5 14400 J on the printed circuit board. 

The THM402020SG is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 


FEATURES 

• 2,097,152 words by 40 bits organization 

• Fast access time and cycle time 



tcAC CAS Access Time 


tRc Cycle Time 


tpc Fast Page Mode 
Cycle Time 


Single power supply of 5V ± 10% 

Low power 

5,885mW MAX. Operating (THMxxxxxx-80) 
5,060mW MAX. Operating (THMxxxxxx-10) 
HOmW MAX. Standby 
Read-Modify-write,CAS before RAS refresh, 

RAS only refresh, Hidden refresh, and Fast Page 
Mode capability. 

All inputs and outputs TTL compatible 
1024 Refresh cycles/16ms 
Gold Contact 

JEDEC OUTLILNE : THM402020SG - 80, 10 
NON JEDEC OUTLINE : THM402040SG - 80, 10 


PIN CONNECTION (TOP VIEW) 


PIN NAMES 




O THM402020SG 


O THM402040SG 


A0-A9 Address Inputs 

DQQ~DQ39 Data Inputs/Outputs 

Ca$0,(?aS 1 Column Address Strobe 

RAS0,RA$1 Row Address Strobe 

W Read/Write Input 

(5E Output Enable 

V cc Power ( + 5V) 

V$$ Ground 

PD Presence Detect Pin 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V, N 

- 1. 0—7.0 

V 

1 

Output Voltage 

V OUT 

- 1. 0-7.0 

V 

1 

Power Supply Voltage 

Vcc 

- 1. 0-7.0 

V 

1 

Operating Temperature 

Topr 

0-70 

# C 

1 

Storage Temperature 

t Stg 

-55-125 

°C 

1 

Soldering Temperature • Time 

Tsolder 

260-10 

°C • sec 

1 

Power Dissipation 

Pd 

6.0 

W 

1 

Short Circuit Output Current 

!0UT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°Q 


SYMBOL 

PARAMETER 

MIN. 

TYP. 



NOTES 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V| H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

- 1.0 

- 

0.8 

V 

2 
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DC ELECTRICAL CHARACTERISTICS (Vrr=»5V± 10%. Ta = Q~70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

kci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t R c = t R c MIN. ) 




mA 

B 

THM402020SG-80 

- 

1070 

THM402020SG-10 

- 

920 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 

(Ra5=Ca5=sV ih ) 

■ 

40 

mA 

■ 

ICC3 

ra? only refresh current 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CA5 = V, h : t R c = t RC MIN.) 




mA 

■ 

THM402020SG-80 

- 

1070 

THM402020SG-10 

- 

920 

>CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = Vil, £a 5 Address Cycling: tp C = tp C MIN.) 




mA 

B 

THM402020SG-80 

- 

720 

THM402020SG-10 

- 

620 

Ices 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V CC - 0.2V) 

■ 

20 

mA 


>CC6 

CAS BEFORE RA$ REFRESH CURRENT 

Average Power Supply Current, Ca 5 Before RA$ 

Mode (RAS, CA5 Cycling: t R c » t R c MIN. ) 




mA 


THM402020SG-80 

— 

1070 

THM402020SG-10 

Si 

920 

'l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V£ V IN £ 6.5V, All Other Pins not under Te$t = 0V) 

-200 

200 

yiA 


'O(L) 

OUTPUT LEAKAGE CURRENT 

(D 0U t is disabled, 0V£ V 0 U t- 5.5V) 

-20 

20 

pA 


V OH 

OUTPUT LEVEL 

Output "H” Level Voltage Oout= -5mA) 

D 

■ 

D 


VOL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut ® 4.2mA) 

■ 

□ 

B 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vrr = 5V 1 1 0% ■ Ta = 0~70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

THM402020 

SG-80 

THM402020 

SG-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Random Read or Write Cycle Time 

150 

- 

180 

- 

ns 


tRMW 

Read-Modify-Write Cycle Time 

205 

- 

245 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

60 

- 

ns 


*PRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

105 

- 

125 

- 

ns 


tRAC 

Access Time from RAS 

- 

80 

- 

100 

ns 

9,14 

15 

t CAC 

Access Time from tAS 

- 

20 

- 

25 

ns 

9,14 

Ua 

Access Time from Column Address 

- 

40 

- 

50 

ns 

9,15 

kPA 

Access Time from <!a 5 Precharge 

- 

45 

- 

55 

ns 

9 

klZ 

CAS to output in Low-Z 

0 

- 

0 

- 

ns 

9 

k)FF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

ns 

10 

t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

8 

tRP 

RAS Precharge Time 

60 

- 

70 

- 

ns 


tRAS 

RAS Pulse Width 

80 

10,000 

100 

10,000 

ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

80 

100,000 

100 

100,000 

ns 


tRSH 

RAS Hold Time 

20 

- 

25 

- 

ns 


tRHCP 

"RAS Hold Time From CA!> Precharge 
(Fast Page Mode) 

45 

- 

55 

- 

ns 


kSM 

CAS Hold Time 

80 

- 

100 

- 

ns 


*CAS 

CAS Pulse Width 

20 

10,000 

25 

10,000 

ns 


*RCD 

RAS to CA$ Delay Time 

1 

20 

60 

25 

75 

ns 

14 

*RAO 

RAS to Column Address Delay Time 

15 

40 

20 

50 

ns 

15 

tCRP 

CAS to RAS Precharge Time 

5 

- 

10 

- 

ns 


*CP 

CAS Precharge Time 
(Fast Page Mode) 

10 

- 

10 

- 

ns 


*ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


*RAH 

Row Address Hold Time 

10 

- 

15 

- 

ns 


Use 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


kAH 

Column Address Hold Time 

15 

- 

20 

- 

ns 


Ur 

Column Address Hold Time referenced 

to m 

60 

- 

75 

- 

ns 


tRAL 

Column Address to RA$ Lead Time 

40 

- 

50 

- 

ns 


t RC5 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


f RCH 

Read Command Hold Time 

0 

- 

0 

- 

ns 

11 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Continued) 



SYMBOL 

PARAMETER 

tRRH 

Read Command Hold Time referenced 

to RA? 

twCH 

Write Command Hold Time 

*WCR 

Write Command Hold Time referenced 

to RAS 

t W p 

Write Command Pulse Width 

tRWL 

Write Command to RAS Lead Time 

kwi 

Write Command to C'AS Lead Time 



Data Set-Up Time 


Data Hold Time 

Data Hold Time referenced to RAS 
Refresh Period 


twcs 

Write Command Set-UP Time 

0 

- 


RA? to WRITE Delay Time 

Column Address to WRlfE Delay Time 
CAS Precharge to WRITE Delay Time 
CAS Set-Up Time(CAS before RAS Cycle) 
CAS Hold Time(CAS before RAS Cycle) 


*RPC 

RAS to CAS Precharge Time 

0 


( 

tCPT 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 

40 

1 

5 



tROH 

RAS Hold Time referenced to Of 

10 

- 

20 

- 

ns 


*OEA 

Of Access Time 

- 

20 

- 

25 

ns 


*OED 

OE to Data Delay 

20 

- 

25 

- 

ns 


k>EZ 

Output buffer turn off Delay Time 
from Of 

0 

20 

. 

0 

20 

ns 

10 

*OEH 

Of Command Hold Time 

20 


25 

- 

ns 


*WRP 

WRITE to WAS Precharge Time 
(CAS before RAS Cycle) 

10 

1 

10 

- 

ns 

■ 

tWRH 

WRITE to RAS Hold Time 

(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 

■ 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent 
damage to the device. 

2. All voltages are referenced to Vss- 

3. IcCi» I<X3> ICC4» ICC6 depend on cycle rate. 

4. Icci, IcC4 depend on output loading. Specified value are obtained with the output open. 

5. Column address can be changed once or less while RAS = Vil and CAS = Vih. 

6. An initial pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume t'r^Sns. 

8. Vui (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vjh and Vil. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF (max.) and toEZ(max.) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

11. Either tReu or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in read-write cycles. 

13. t\vcs> tuwD. tcwD, tAWD and tcpwo are not restrictive operating parameters. They are included 

in the data sheet as electrical characteristics only. If twCS— twCS (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD=tRWD (min.), tcwD= tcwD (min.), tAWD — tAWD (min.) and tcPWD^ tcpWD (min.), the cycle 

is a read-modify-write cycle and the data out will contain data read from the selected cell: If 

neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC* 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA- 
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READ CYCLE 


*RC 
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WRITE CYCLE (EARLY WRITE) 


tRC 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE WRITE CYCLE 


I 


tRASP 


I I 
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RAS 

CAS 

A0-A9 

wrITe 

0E 

DQO- 

DQ39 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



"H" or "L" 
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OUTLINE DRAWINGS 
• THM402020SG 
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